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FOBTY-FIFTH  CONGEE SS-t8EC0ND  SESSION. 
in  the  senate  op  tbb  unitbd  8tatb8. 

April  25,  1878. 

The  following  reeolatioa  was  agreed  to  b;  the  Senate  March  6, 1876,  and  coucnrred 
in  by  the  HoQBe  of  Kepteseatatives  April  24, 1878 : 

Baolved  by  the  Senate  (the  House  of  S^reiontativee  ooncuiting),  That  ten  thonsand  five 
hundred  copies  of  the  Kepoit  of  the  Smithsonian  Institution  for  the  ;<;ar  1877  be 
printed  ;  one  thousand  copies  of  which  shall  be  for  the  use  of  the  Senate,  three  thou- 
sand copies  of  which  sh^'  be  for  the  use  of  the  House  of  Representatives,  and  six 
tboosand  five  bnndred  copies  &r  the  nso  of  the  Smithsonian  Institntioo :  Frovid(d, 
That  the  aggregate  number  of  pages  shall  not  exceed  five  handled,  and  that  there  be 
no  iUostrations  except  tboee  furnished  by  the  Smittsonian  Institution. 

April  S5, 1878. 

Attest: 

GEO.  C.  GORHAM, 

Secretarn. 

By  w.  J.  Mcdonald, 

Chief  Clerk. 
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SanTHaoNiAN  Institution, 
^YasMngton,  February  6, 1878. 
SiE :  In  behalf  of  the  Board  of  Eegents,  I  have  the  honor  to  submit 
to  the  Congress  of  the  United  States  the  aunnal  report  of  the  operations, 
expenditures,  and  condition  of  the  Smithsonian  Institution  for  the  year 
1S77. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 
JOSEPH  HENRY, 
Secretary  Smithsonian  Institution. 
Hon.  W.  A.  Wheblee, 

President  of  the  Senate. 
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REPORT  OF  JOSEPH  HENRY,  SECRETARY,  FOR  THE  YEAR  1877. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution  : 

Gehtlemen  :  I  have  the  honor  herewith  to  present  to  you  a  report 
of  the  operations  and  condition  of  the  Institntion,  iQtmsted  to  your  care 
by  the  Government  of  the  United  States,  for  the  year  1877. 

IMTBODUCTIOH. 

Nothing  of  special  importance  has  occurred  during  the  past  year  to 
vary  the  conditions  and  operations  of  the  eatablishment,  while  from  the 
following  report  I  think  it  will  be  evident  that  it  has  continued  faith- 
fully to  discharge  the  duties  assigned  it  by  the  will  of  the  founder,  as 
well  as  to  carry  oat  the  directions  prescribed  by  Congress  in  the  act  of 
its  organization. 

In  the  last  report  a  full  acconnt  was  given  of  the  operations  of  the 
Institution  in  connection  with  the  Centennial  Sshibitioo,  and  in  rela- 
tion to  this  the  Board  of  Regents  addressed  a  memorial  to  Congress,  ask- 
ing for  an  appropriation  of  $250,000  for  the  erection  of  a  new  building, 
principally  to  accommodate  the  articles  presented  by  foreign  gorernments 
to  the  National  Museum  under  the  care  of  the  Institution.  A  bill  in 
favor  of  this  petition  was  presented  to  the  Senate  by  the  Hon,  Mr,  Mor- 
rill, of  Vermont,  which  passed  without  opposition.  It  failed,  however, 
to  pass  the  Honse  of  Kepresentatlves,  although  a  majority  of  the  mem- 
bers approved  of  it,  because  it  could  not  be  brought  before  the  Honse 
without  a  two-thirds  vote  in  favor  of  its  consideration.  The  same 
bill  will  again  be  presented,  and  the  hope  is  confidently  entertained  that 
it  will  receive  the  approbation  of  Congress.  In  anticipation  of  this  re- 
sult a  plan  of  the  building  has  been  prepared  under  the  direction  of 
General  Meigs. 

In  the  two  preceding  reports  I  have  called  the  attention  of  the  Board 
of  Kegents  to  the  propriety  of  a  final  separation  of  the  Institution  from 
the  National  Museum,  and  nothing  has  occurred  during  the  past  year  to 
change  my  opinion  on  this  point.  Although  I  do  not  urge  this  for  im- 
mediate action,  yet  I  think  it  should  be  kept,  in  view,  and  the  x>ropo8i- 
tion  at  a  favorable  time  presented  to  Congress.  My  reason  for  advocating 
this  proposition  is  that  Smithson  gave  his  own  name  to  the  establish- 
ment which  he  founded,  thereby  indicating  that  he  intended  it  as  a  monu- 
ment to  his  memory,  and  in  strict  regard  to  this  feature  of  his  will  his 
bequest  should  be  administered  separately  from  all  other  funds  and  the 
results  achieved  by  it,  accredited  to  his  name  alone.    The  Institntion, 
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therefore,  8hoald  tiot.  be  merged  in  any  establishment  o(  the  government, 
bat  shonid  stand  isolated,  free  to  the  aiiobstructed  observation  of  tbe 
whole  world,  beeping  in  per    tual  remembrance  the  will  of  its  founder. 

The  functions  of  the  Institution  and  the  Museum  are  entirely  differ- 
ent;  tliose  of  the  lustitutiou  being — tirst,  to  enlarge  the  bounds  of 
hnman  thongbt  by  assisting  men  of  science  to  make  original  iuvesti- 
gatious  in  all  branches  of  knowledge,  to  publish  these  at  the  expense 
of  the  Smithson  fond,  and  to  present  copies  of  them  to  all  thp  principal 
libraries  of  the  world;  second,  to  institnte  investigations  in  various 
branches  of  science  and  explorations  for  the  collection  of  specimens  in 
natural  history  and  ethnology  to  be  distribnted  to  ninsenms  and  other 
establishments;  third,  to  diffuse  knowledge  by  carrying  on  au  extended 
International  series  of  exchanges  by  which  the  accounts  of  all  tbe  otig- 
inal  'researches  in  science,  the  educational  progress,  and  the  general 
advance  of  civilization  in  the  Kew  World  are  exchanged  for  similar 
works  of  the  Old  World.  To  carry  out  this  plan  the  Institution  requires 
no  costly  building,  but  merely  accommodations  for  receiving  and  dis- 
tributing its  collections. 

The  Museum,  on  the  other  hand,  is  intended  to  embrace  a  collec- 
tion of  specimens  of  nature  and  art  which  shall  exhibit  the  natural 
resources  and  industries  of  the  country,  or  to  present  at  one  view  the 
materials  essential  to  the  condition  of  high  civilization  which  exists  in 
the  different  States  of  the  American  Union ;  to  show  the  various  pro- 
cesses of  manufacture  which  have  been  adopted  by  ue,  as  well  as  those 
used  in  foreign  countries ;  in  short,  to  form  a  great  educational  estab- 
lishment by  means  of  which  the  inhabitants  of  our  own  country,  as  well 
as  those  of  foreign  lands  who  visit  our  shores,  may  be  informed  as  to 
the  means  which  exist  in  the  United  States  for  the  enjoyment  of  human 
life  in  the  present,  and  tbe  improvement  of  these  means  in  tbe  future. 

The  support  of  such  an  establishment  must,  of  necessity,  be  derived 
from  Congress,  and  no  part  of  the  income  of  the  Smithson  fund  should 
be  devoted  to  this  purpose,  since  it  is  evident  from  the  will  of  Smithson 
that  he  intended  his  benefaction  for  the  good  of  mankind,  and  therefore 
all  expenditures  on  local  objects,  or  even  on  those  limited  to  the  United 
States,  are  not  in  conformity  with  the  intentions  of  the  donor.  A  very 
objectionable  result  of  the  present  connection  of  the  two  establishments 
is  the  necessity  for  the  Institution  to  appeal  to  Oongress  annually  for  an 
appropriatioD  for  tbe  support  of  the  Museum,  whereby  the  Institution  is 
presented  to  the  world  as  a  suppliant  for  aid,  although,  for  carrying  out 
tbe  legitimate  objects  of  the  bequest,  no  annual  appropriation  from  the 
public  Treasury  is  necessary. 

Tbe  whole  of  the  Smithsonian  building  is  now  required  for  the  National 
Museum,  and, in  case  of  the  separation, a  new  building  should  be  provided 
for  the  accommodation  of  the  Institution;  and  when  tbe  financial  con- 
dition of  the  coautry  shall  be  better,  I  trust  the  sense  of  justice  of  the 
people  of  the  United  States  will  induce  Congress  to  restore  to  the  funds 
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of  Smilhson  at  least  a  part  of  the  (500,000  which  hare  been  expeudcd 
on  the  baildiug  from  the  income  of  tbe  Smitbaon  bequest.  I  know  tliiit 
the  present  ia  a  very  nufavorable  time  for  presenting  this  propositiou  to 
Congress,  but  I  do  not  despair  of  its  being  favorably  receivetl  hereafter. 

Among  the  minor  iucideats  of  tbe  year  was  tbe  reception  of  a  letter 
from  M.  de  la  Batut,  of  Belz,  France,  the  half-brother  of  tbe  nephew  of 
Smithsou,  to  whom  be  bequeathed  his  property,  and  in  case  of  whose 
death  it  waa  to  be  devoted  to  founding  the  Smithsonian  Institution. 
With  this  letter  was  a  miniature  likeness  of  Jamus  Smithson  and  another 
of  Colonel  Dickinson,  the  half-brother  of  Smithson,  which  were  offered 
for  sale  to  the  lustitntion,  and  were  finally  purchased  for  the  sum  of 
$100.  Accompanying  these  portraits  was  what  appeared  to  be  the 
original  draft  of  Smithsou's  will,  slightly  differing  iu  one  particniar 
from  that  previously  published  in  the  Smithsonian  report  for  1853,  and 
also  a  series  of  notes  addressed  to  Smithson  by  some  of  tbe  most  dis- 
tinguished scientists  of  his  day.  Among  these  are  those  from  Oersted, 
Arago,  Biot,  Lester,  Tennant,  Klaproth,  and  others,  which  would  be 
highly  prized  by  collectors  of  autographs,  and  which  serve  to  show  the 
intimate  association  of  Smithson  with  the  most  distinguished  cultivator.s 
of  science  at  the  beginning  of  the  present  century. 

There  are  now  in  the  Institution  three  likenesses  of  Smithson,  one  ii 
small  full-lengtb  picture,  which  was  purchased  from  his  servant,  John 
Pittall,  and  represents  him  iu  the  costume  of  a  stndent  at  Oxford; 
another,  a  small  medallion,  which  was  among  his  effects ;  and  the  third 
is  the  one  above  mentioned.  As  a  part  of  the  legacy  of  Smithson  there 
were  received  a  small  library  and  several  large  trunks  filled  with  cloth- 
ing, some  articles  of  apparatus,  a  silver-plated  dinner  set,  two  small 
cabinets  of  minerals,  and  a  large  collection  of  pajiers,  including  corre 
spondence.  All  of  thesej  except  the  library,  were  destroyed  in  the  fire 
of  1S6S.  Tbe  effects  were,  however,  of  little  value,  except  as  mementos. 
The  manuscripts  consisted  principally  of  private  letters  and  a  series  of 
sentences  arranged  according  to  the  letters  of  the  alphabet,  as  if  they 
were  intended  lor  a  philosophical  dictionary.  The  library,  which  ia  still 
preserved,  consists  of  123  volumes  and  88  pamphlets,  and  is  preserved 
in  a  separate  case  in  the  Kegents'  room  of  the  Institution. 

In  the  report  of  the  Institution  for  1853  I  gave  a  list  of  the  scientific 
papers  of  Smithson  which  were  published  in  the  Transactions  of  the 
Boyal  Society  of  London  and  in  scientific  periodicals.  Although  at  the 
present  day  there  ia  nothing  iu  thesepapersof  very  special  iuterest,  since 
tbe  facts  which  he  communicated  have  since  been  merged  in  the  general 
progress  of  science,  yet  it  might  be  well  to  republish  them  iu  a  separate 
volume  as  an  illustratioa  of  tbe  character  of  the  founder  of  the  Institu- 
tioQ  and  to  mark  bis  cotinectioa  with  the  science  of  his  day. 

In  the  report  for  the  year  187G  an  account  was  accidentally  omitted 
of  tbe  decease  of  Fielding  B.  Meek,  an  esteemed  collaborator  of  this 
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Tnstitutiou,  who  occapied  for  upward  of  twenty  years  a  room  in  tbe 
Smitbsonian  bnildiDg  and  assisted  without  salary  in  tbe  operations  of 
the  establiBbment.  He  was  devoted  to  paleontology,  and  was  one  of  the 
principal  anthoritiea  in  tbe  conatry  in  the  line  of  fossil  shells.  At  the 
time  of  his  death  he  bad  just  completed  a  large  Tolume  on  the  paleon- 
tology of  the  Upper  Missouri,  published  in  coanection  with  Dr.  Hay- 
den's  surveys.  He  was  obliged  on  account  of  his  health  to  spend  bis 
winters  in  Florida,bntrdeIa}'inghis  departure  too  long  and  andnly  exert- 
ing himself  the  day  before  he  intended  to  leave,  he  was  seized  with  a 
hemorrhage,  and ,  after  an  illness  of  a  few  days,  died  on  the  21st  December, 
1876.  He  was  born  in  the  city  of  Madison,  Ind.,  December  10, 1817,  and 
had  therefore  jnst  completed  bis  fifty-ninth  year  at  the  time  of  his  death. 
His  grandparents  were  Irish  Presbyterians,  who  emigrated  to  this  country 
from  the  county  of  Armagh  about  the  year  1768.  His  father  died  when 
he  was  bnt  three  years  old,  leaving  the  family  in  moderate  circumstances. 
He  was  educated  in  the  public  schools  of  Madison.  His  attention  was 
early  attracted  to  the  fossil  shells  so  abundant  in  the  rocks  in  the  vi- 
cinity of  hia  home.  Arriving  at  the  age  of  manhood,  he  invested  tbe 
small  sum  received  from  his  father's  estate  in  mercantile  business,  but 
having  no  taste  for  that  occupation,  and  neglecting  it  to  pnrsne  his  stud- 
ies, a  failure  was  the  consequence.  He  then  devoted  himself  as  a  means 
of  livelihood  to  portrait-painting,  continuing  his  scientific  studies,  espe- 
cially in  tbe  line  of  geology.  lu  the  year  1848  be  was  associated  witb 
David  Dale  Owen  in  tbe  geological  survey  of  Iowa  and  Minnesota,  and 
in  1852  became  an  assistant  to  Professor  Hall  in  the  preparation  of  the 
paleontology  of  the  State  of  New  York.  Under  the  direction  of  Profess- 
or Hall  be  explored  the  Bad  Lands  of  Nebraska,  and  collected  a  valuable 
scries  of  fossils.  In  1858  be  came  to  Washington,  where  be  resided  con- 
tinuonsly  to  the  time  of  bis  death,  leaving  the  city  for  a  few  mouths  only 
from  time  to  time  while  engaged  in  studying  the  paleontology  of  Illinois, 
Ohio,  and  California,  and  later  in  Florida  during  the  winter  on  account 
of  bis  health.  During  his  residence  in  tbe  Institution  be  gradually  lost 
his  hearing,  and  could  only  be  communicated  witb  by  means  of  writing. 
He  gradually  withdrew  from  social  iatercourse,  and  devoted  his  life  ex- 
clusively to  the  prosecution  of  science.  He  was  in  correspondence  with 
the  principal  investigators  of  the  world  in  the  line  of  paleontology,  and 
although  scarcely  known  in  this  city  bis  name  was  familiar  to  the  culti- 
vators of  geology  everywhere.  He  was  a  man  of  singular  truthfulness 
and  critical  accuracy,  and  was  highly  esteemed  by  tbe  few  who  had  the 
pleasure  of  bis  hcqnaintance.  His  death  bas  been  widely  announced  in 
all  the  scientific  journals  of  tbe  day,  but  no  relative  has  appeared  to 
claim  his  property.  As  secretary  of  the  Institution  with  which  he  had 
been  so  long  connected,  I  considered  it  my  duty  to  assume  tbe  office  of 
administrator,  and  as  ayear  has  now  elapsed  since  the  time  of  bis  decease 
I  am  about  to  make  a  report  of  the  condition  of  bis  estate  to  tbe  or- 
phans' court  of  the  District  of  Columbia.    The  final  disposition  of  his 
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property,  which  ia  partly  in  lauds  ia  Kansas,  cannot  be  determined  at 
present,  and  if  not  olaimod  by  heirs  may  posaibly  require  the  action  of 

Congress, 

MEETING  OF  THE  ESTABLISHMENT, 
The  law  of  Congress  organizing  the  Smithsonian  Institntiou  directs 
that  the  President  and  his  Cabinet,  theCbief  Justice,  the  Commissioner 
of  Palents,  and  such  other  persons  as  they  may  elect  honorary  members, 
may  hold  stated  and  special  meetings  for  inspecting  the  affairs  of  tbe 
Institution,  and,  in  accordance  with  this  provision,  a  meeting  of  that 
body  vfas  held  on  the  5th  of  May,  1877.  There  were  present  tbe  Presi- 
dent of  the  United  States,  R.  B.  Ilayes ;  the  Secretary  of  State,  W.  M. 
Evarts ;  the  Secretary  of  the  Treasury,  John  Sherman  ;  the  Secretary 
of  War,  Gporge  W.  MtCrary ;  the  Secretary  of  the  Interior,  Carl  Schnrz ; 
the' Attorney  General,  Charles  Devens.  and  the  Postmaster-General,  D. 
M.  Key. 

The  Secretary  of  the  Institution,  who  is  also  the  secretary  of  this  body, 
gave  a  fall  accoant  of  tbe  history,  operations,  and  state  of  the  finances 
of  thelnstitation;  and,  after  listening  to  it  with  interested  attention,  the 
President,  on  behalf  of  the  meeting,  expressed  the  opinion  that  the  con- 
dition and  management  of  the  Institution  were  entirely  satisfactory,  and 
that  they  had  no  improvement  to  suggest.  After  inspecting  the  build- 
ing, the  museum,  and  the  system  of  exchanges,  and  examining  the  pub 
licatious,  the  meeting  adjourned  to  meet  on  the  1st  Tuesday  in  iVfay,  1878. 

FINANCES. 
The  condition  of  the  funds  is  nearly  the  same  as  in  1876.  The  only 
difference  is  a  diminution  in  the  marketable  value  of  the  Virginia  bonds 
which  has  fallen  from  $42,000  to  $34,562.  This  decline  was  occasioned 
by  propositions  made  in  the  legislature  of  the  State  which  were  thought 
to  savor  of  repudiation,  but  those  propositions  have  not  met  with  fa- 
vorable consideration,  and  it  is  now  confidently  expected  that  the  bonds 
will  again  advance  in  value. 

The  following  is  a  statement  of  the  condition  of  tbe  fund  at  the  begin- 
ning of  the  year  1878 : 

The  amount  originally  received  as  the  bequest  of  James 
Smithson,  of  England,  deposited  in  the  Treasury  of  the 
United  States  in  accordance  with  the  act  of  Congress  of 

August  10,  1846...   $515,109  00 

The  residuary  legacy  of  Smithson,  received  in  1805,  depos- 
ited in  the  Treasury  of  the  United  States  in  acconlance 
with  the  act  of  Congress  of  February  8,  1867 26,210  63 

Total  bequest  of  Smithson 541,370  63 

Amount  deposited  in  the  Treasury  of  the  United  States, 
as  authorized  by  act  of  Congress  of  February  8, 1867, 
derived  from  savings  of  income  and  increase  in  value  of 
investments    108, 620  37 
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Amoanl  received  aa  tlie  bequest  of  James  namiltou,  of 
Carlisle,  Pa.,  February  24,1874 81,000  00 

Total  permanent  Smitbson  fund  in  the  Treaanry  of 
tbe  United  States,  bearing  interest  at  6  per  cent., 

payable  semi-annually  in  gold 051,000  00 

Id  addition  to  tlie  above,  tbere  remains  of  tbe  extra  fund 
from  savings,  &c.,  in  Virginia  bonds  and  certificates,  viz: 
Consolidated  bonds,  $58,700 ;  deferred  certificates,  $29,- 
375.07;  fractional  certificate,  $50.13;   total,  $88,125.20, 

valued  January.  1878 34, 502  03 

Cash  balance  in  United  States  Treasury  at  tbe  beginning 
of  the  year  187S  for  current  expenses . .       25, 083  90 

Total  Smitbson  funds  January  0, 1878" $710,  G15  90 

The  receipts  during  the  year  1877  were  $49,007.02,  and  tbe  expendi- 
tures $44,952.90,  leaving  a  balance  of  $4,054.72  to  be  added  to  tbe  bal- 
ance on  baud  at  the  beginning  of  1877. 

The  interest  on  the  Virginia  bonds  received  daring  the  year  was 
$2,885.70,  realized  from  the  sale  of  coupons  amounting  to  $3,522. 

Tbe  interest  ou  the  Hamilton  bequest  of  $1,000  has  been  received  to 
the  31st  December,  1877.  There  is  now  a  balance  on  band  of  interest 
amounting  to  $90.17,  which  will  be  available  during  the  present  year  in 
accordance  with  the  terms  of  the  bequest. 

BUILDING. 

Attention  having  been  specially  called  to  tbe  condition  of  tbe  public 
buildings  iu  this  city,  on  account  of  the  destruction  by  fire  of  part  of 
the  Patent  Office,  it  was  deemed  advisable  to  give  additional  security 
to  tbo  valuable  collections  deposited  in  tbe  Smithsonian  edifice.  Tbe 
main  building,  which  contains  the  National  Museum,  is  entirely  fire- proof, 
but  the  connecting  ranges  and  the  two  wings  are  not  so.  It  was  there, 
fore  highly  desirable  that  the  main  building  should  be  entirely  isolated 
from  the  ranges  and  wings.  For  this  purpose  the  large  windows  facing 
tbe  wings  were  bricked  up,  and  all  the  doorways  leading  from  the 
museum  into  the  ranges  either  bricked  up  or  fitted  with  iron  instead  of 
wooden  doors.  The  carpenter's  and  machinist's  shops  were  removed  to 
the  main  basement  and  inclosed  iu  brick  walls.  The  storage  rooms  were 
made  fireproof  by  replacing  wooden  partitions  and  floors,  by  those  of 
brick.  In  the  high  ceutral  tower  brick  partitions  have  been  constructed 
on  the  stairways,  to  prevent  the  passage  of  fire  from  one  story  to  another. 

PCBLICATIOHS. 

The  pablications  of  tbe  Institution  are  of  three  classes,  viz,  the  Cox- 

TEIBUTIONS  TO  KhoWLEDGB,  the  MiSCELLAHEOUS  COLLECTIONS,  and 
*  The  date  at  which  tbe  settlement  of  tbe  accoaota  for  1877  wm  made. 
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the  Annual  Bepobts.  The  first  consists  of  memoirs  contaiaing  positive 
additions  to  science  resting  on  original  researcb,  and  wliicli  are  generally 
tbe  result  of  inrestigations  to  which  the  Institution  has,  in  some  way, 
rendered  assistance.  The  Miscellaneuns  Collections  are  composed  of 
works  intended  to  facilitate  the  study  of  various  br^inches  of  natural  his- 
tory, meteorology,  &c.,  and  are  principally  designed  to  induce  individuals 
to  engage  in  these  studies  as  specialties.  Tbe  Annual  Beports,  besides 
an  account  of  the  operations,  expenditures,  and  condition  of  the  Insti- 
tution^ contain  translations  from  works  not  generally  accessible  to  Amer- 
ican students,  reports  of  lectures,  extracts  from  cnrrospondence,  &c. 

The  following  are  the  rules  which  have  been  adopted  for  tbe  distribu- 
tion of  the  several  publications  of  tbe  institution: 

1st.  Tliey  are  presented  to  learned  societies  of  the  first  class  which  in 
return  give  complete  series  of  their  publications  to  tbe  Institution. 

2d.  To  libraries  of  tbe  first  class  which  give  in  exchange  their  cata- 
logues and  other  publications,  or  an  equivalent  from  their  duplicate 
volnmes. 

3'i.  To  colleges  of  tbe  first  class  which  furnish  catalogues  of  tbeir 
libraries  and  of  their  students,  and  all  other  publications  relative  to 
tbeir  organization  and  history. 

4tli.  To  States  and  Territories,  provided  they  give  in  return  copies  of 
all  documents  published  under  their  authority. 

5th.  To  public  libraries  in  this  country,  containing  15,000  volumes, 
especially  if  no  other  copies  are  given  in  the  same  place;  and  to  smaller 
libraries  where  a  large  district  would  be  otherwise  uosupplied. 

6th.  To  institutions  devoted  exclusively  to  tbe  promotion  of  partica- 
lar  branches  of  knowledge  are  given  sucb  Smithsonian  publications  as 
relate  to  tbeir  respective  objects. 

Ttb.  Tbe  Annual  Beports  are  presented  to  the  meteorological  observ- 
ers, to  contributors  of  valuable  material  to  the  library  or  collections, 
and  to  persons  engaged  in  special  scientific  research. 

The  most  important  memoir  accepted  during  the  year  for  publication 
in  the  Smithsonian  Contributions  is  entitled  "Archielogical  and  ethno- 
logical Researches  in  Central  and  South  America,  with  a  Detailed  Ac- 
count of  the  Sculptures  at  Santa  Lncia  Cosnmalwbnapa,"  by  Dr.  Habel, 
of  jNew  York.  This  gentleman,  having  an  ardent  desire  to  make  au  ex- 
ploration of  the  physical  geography  and  anthropology  of  Central  Amer- 
ica, relinquished  his  medical  practice  in  18fi2,  and  commenced  a  tour  of 
exploration  in  that  region.  In  the  course  of  seven  years  which  he  de- 
voted to  these  explorations  be  made  collections  in  natural  history  and 
observations  in  meteorology,  topography,  geology,  and  archaeology.  On 
arriving  at  Guatemala  he  made  that  city  bis  headquarters,  from  which 
four  excursions  were  undertaken. 

Tbe  first  was  directed  to  an  unexplored  region  lying  north  of  Qnate- 
mala,  reported  to  be  inhabited  by  the  Lacandones,  a  tribe  said  never  to 
have  been  subdued  by  Europeans.     On  the  route,  Dr.  Habel  heard  of 
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the  reuLuios  of  two  cities  near  BabiD»l,  one  of  wbich,  twelve  miles  from 
the  town,  he  visited.  These  ruins  occupy  the  snmmits  of  three  hills,  and 
some  of  the  edifices  are  tolerably  well  preserved.  The  most  conspicnous 
one  was  100  feet  long  by  3U  feet  broad.  Its  floor  was  elevated  four  steps 
above  t be  ground,  and  the  walls  left  standing  were  about  C  feet  high. 
It  seems  to  have  had  four  entrances,  one  on  each  side.  The  interior 
space  was  18  feet  broad  by  nearly  90  feet  long.  All  the  buildings  were 
constmcted  of  thiu  slabs  of  mica-gneiss  laid  in  courses  like  bricks  and 
united  by  a  granular  kind  of  mortar.  The  walls  bad  been  plastered  out- 
side and  inside.  On  the  side  of  the  hilt  were  found  arrow-heads  and 
spear-points  of  obsidian  and  other  minerals. 

Arriving  at  Salinas  there  were  found  vestiges  of  the  ancient  popula- 
tion in  a  squared-stone  pyramid,  heaps  of  broken  pottery,  &c.  A  vo- 
cabulary of  the  Egkschi  language  was  collected.  After  waiting  a  moutb 
for  a  boat  to  convey  him  to  his  intended  destination,  he  was  obliged  to 
relinquish  the  attempt  and  return  to  Guatemala. 

The  second  esploration  was  to  the  borders  of  Mexico,  and  ancient  inins 
were  visited  at  Guequetenango,  Palyah,  and  Saycap. 

Cn  the  third  excursion  the  sculptures  of  Gopau,  in  Honduras,  de- 
sciibed  by  Stephens  aod  others,  were  visited.  Those  of  Guirigua  are 
of  great  archEelogical  iuterest.  These  are  of  various  sizes  and  shapes, 
the  tallest  being  of  columnar  form  about  25  feet  high,  while  others  do 
uot  exceed  12  feet.  All  of  them  have  four  sculptured  sides,  the  front 
and  rear  being  the  widest.  The  narrow  sides  of  all  the  columnar  mon- 
oliths are  covered  with  hieroglyphics  resembling  those  found  in  Copan. 

The  fourth  excursion  was  undertaken  to  visit  a  newly  discovered  series 
of  sculptures  at  Santa  Lucia  Cosumalhuapa,  the  description  of  which 
forms  the  principal  part  of  this  memoir.  On  the  way  to  this  place  very 
interesting  sculptures  were  found  on  the  plain  near  the  Hacienda  los 
Tarros,  which  exhibit  fine  workmanship  and  represent  human  figures 
in  high  relief.  They  are  5  feet  9  inches  high,  3  feet  7  inches  broad,  and 
1  foot  8  inches  deep,  standing  oa  a  base  10  inches  high. 

Before  desuribiug  the  objects  found  at  Santa  Lucia  the  author  gives 
an  account  of  some  other  expeditious.  The  first  of  these  was  to  the  Be- 
public  of  Houduras,  but  no  archseological  objects  were  observed.  Vocab- 
ularies and  valuable  information,  however,  were  collected  from  various 
native  tribes. 

A  visit  was  also  made  to  Nicaragua,  where  a  sculptured  figure  was 
seen  on  the  corner-stone  of  a  house,  and  other  remains  were  found  in 
and  near  the  towu.  A  grotesque  figure  was  observed  sculptured  on  a 
rock,  forming  tbe  bank  of  a  brook,  which  is  the  only  instance  of  sculp- 
ture found  by  the  doctor  on  rocks  m  situ, 

A  visit  to  Costa  Bica  did  uot  produce  any  results  of  iuterest.  Tbe 
largest  field  for  archaeological  discoveries  is  considered  by  Dr.  Habel  to 
be  found  in  Sau  Salvador,  and  an  account  is  given  of  several  sculptures 
and  mounds  he  examined  there. 
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Leaviug  Central  America,  Dr.  Habel  visited  parts  of  Colombia,  Ecua- 
dor, EiDtl  Peru,  liTbicb  be  foand  rich  in  arcbitectural  stractiires  erect«<l 
by  tbe  aDcieut  iDhabitants.  Descriptions  and  measnremeats  of  some  of 
tbese  are  given  in  the  memoir. 

Tbe  author,  however,  as  we  have  said,  devotes  the  principal  part  of 
this  work  to  a  description  of  tbe  monoliths  at  Santa  Lucia  Cosumat- 
hnapa,  a  small  town  io  theDepartmentofEsqnintla,  near  the  base  of  the 
volcano  del  Fuego,  at  the  commencement  of  the  slope  which  exteads  from 
the  mountain  range  to  the  Facillc  coast.  The  village  is  of  comparativelj 
modern  origin  and  is  in  the  midst  of  an  extensive  orange-grove,  which 
yields  so  abundantly  that  the  fruit  is  almost  given  away,  and  the  great 
number  of  trees  is  accounted  for  by  the  custom  prevailing  of  planting 
a  tree  by  each  head  of  a  family  at  the  birth  of  each  child.  A  short  time 
before  the  arrival  of  Dr.  Habel  iu  the  country  the  monoliths  bad  beeu 
discovered  by  a  man  who,  in  digging  a  field  to  prepare  the  ground  for 
planting  cotton,  came  upon  a  large  pile  of  stones  which,  on  examination, 
were  found  to  be  sculptured.  To  make  drawings  of  these  was  no  easy 
task,  for  the  dirt  and  moss  attached  to  them  had  to  be  removed— tI  very 
tedious  work.  To  secure  true  copies  of  the  originals,  strings  were 
stretched  over  each  slab,  six  inches  apart,  thus  dividing  them  into  squares. 
Thesketch-book  was  ruled  in  squares  of  half  au  inch,  and  in  each  of  these 
a  copy  of  a  square  of  the  slab  was  drawn,  making  the  drawings  all  one- 
twelfth  tbe  linear  size  of  the  original.  The  slabs  form  an  extended  heap, 
rendering  it  probable  that  there  are  others  bidden  from  view  which 
further  researches  would  reveal.  All  the  sculptures  are  in  low  relief, 
nearly  all  being  iu  cavorelievo;  that  is,  surrounded  by  a  raised  border. 
In  seven  instances  the  sculpture  represents,  according  to  the  author,  a 
person  adoring  a  deity  of  a  different  mythological  couception  in  each 
case.  One  of  these  seems  to  represent  the  sun,  another  the  moon,  while 
the  character  of  the  others  it  is  impossible  to  define.  These  deities  are 
represented  by  a  human  figure,  of  which  the  head,  arras,  and  breast  are 
correctly  portrayed.  Four  of  the  other  sculptures  represent  allegorical 
subjects.  The  stones  on  which  the  low  reliefs  are  sculptured  came  from 
the  volcano  of  Ocatenaugo,  and  most  of  them  are  12  feet  in  length,  3  feet 
iu  width,  and  2  feet  iu  thickness.  Nine  feet  of  the  upper  part  of  these 
stones  are  occupied  by  sculptures,  while  the  lower  3  feet  appear  to  have 
served  as  a  base.  Very  minute  descriptions  are  given  of  each  of  these 
sculptures,  and  an  attempt  is  made  by  the  author  to  explain  tbe  signifi- 
cance of  all  the  emblems,  ornaments,  figures,  &c.,  forming  the  design 
on  each  slab. 

The  author  also  indulges  in  speculations  as  to  the  origin  and  symbol 
ism  of  the  sculptures,  which  are  ingenious,  novel,  and  many  of  them 
apparently  very  reasonable,  while  others  will  undoubtedly  be  accepted 
with  much  hesitation,  and  will  perhaps  be  rejected  as  untenable  by 
students  of  archceology. 
The  author  was  invited  to  visit  Washington,  where  a  room  was  pro- 
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vided  for  him  at  the  Institntion  and  the  drawings  of  these  acnlptutes 
were  reproduced  by  an  artist  nnder  bis  personal  anpervision  and  con* 
staat  instmctioQ.  The  expense  of  the  preparation  of  tbe  manuscript 
and  illustrations  as  well  as  of  the  publication  has  been  borne  by  tbe 
Smithsonian  Institntion.  Tbe  publication  of  the  worli  was  recommended 
by  several  of  tiie  leading  arcfaffiologists  of  tbe  country,  and  ia  a  report 
in  regard  to  it  Prof.  W.  D.  Whitney  remarks,  "  It  seems  to  me  a  story 
refreshing  by  its  brevity  and  simplicity,  very  unlike  the  pompous  and 
boastful  way  in  which  such  things  are  often  heralded.  One  may  not 
agree  with  all  the  inferences  drawn  at  the  end,  but  that  is  a  matter  of 
very  small  importance;  no  two  persons  would  arrive  at  precisely  the 
same  conclusions.  So  far  as  I  can  judge,  tbe  Institution  has  every  rea- 
son to  take  pleasure  and  pride  in  the  issue  of  such  a  contribution  to  Amer- 
ican archroology."  The  sculptures  represented  are  of  such  a  remark- 
able character  that  it  has  been  thought  advisable  to  institute  some  fur- 
ther inquiries  in  regard  to  their  present  condition;  and,  fortunately,  an 
opportunity  has  occurred  which  enables  the  Institution  to  do  this 
without  making  any  draft  upon  its  income.  The  Government  of  Guate- 
mala having  requested  the  Government  of  tbe  United  States  to  nomi- 
nate a  competent  geologist  to  make  explorations  of  mines  in  the  former 
country,  tbe  Secretary  of  State  referred  the  matter  to  the  Secretary  of 
The  Smithsonian  Institution,  who  nominated  Mr.  Arnold  Ha^ue,  who 
had  been  engaged  on  the  survey  of  the  fortieth  parallel  under  Clarence 
King,  a  gentleman  well  qualified  to  discharge  tlie  duties  intrusted  to 
him.  He  has  been  requested  to  visit  the  region  in  question  and  to  report 
ou  the  state  of  tbe  sculptures  described  in  the  memoir  of  Dr.  Habel  as 
well  as  on  any  arch^ological  remains  of  interest  which  he  may  meet 
with  in  tbe  course  of  his  explorations  iu  the  country. 

In  previous  reports  a  paper  has  been  mentioned  which  is  tbe  result 
of  the  investigations  of  the  late  Prof.  Henry  J,  Clark  relative  to  Lueer- 
naria,  a  class  of  animals  formerly  regarded  as  polyps,  bat  more  recently 
associated  with  the  acalephw  or  sea-nettles  and  jelly-flshes.  It  was 
presented  to  the  Institution  several  years  ago,  but  the  publication 
has  been  delayed  by  a  series  of  unexpected  hindrances.  Much  delay 
was  experienced  at  first  in  obtaining  proper  engravings  of  the  very 
minute  and  complicated  drawings  to  illustrate  the  work,  and  before  these 
were  completed  the  author  was  called  from  this  life,  in  the  flower  of  bis 
age  and  in  the  midst  of  a  series  of  successful  investigations.  After  bis 
death  it  was  found  difficult  to  obtain  the  services  of  a  person  sufficiently 
acquainted  with  the  subject  to  read  the  proof-sheets,  but  during  the 
year  the  printing  has  been  commenced  under  the  supervision  of  Prof. 
A.  E,  Verrill,  of  Yale  College.  Unfortunately,  another  delay  has  been 
occasioned  by  the  ill-health  of  this  gentleman.  We  hope,  however,  that 
the  work  will  be  completed  iu  the  course  of  a  month  or  two  and  will  be 
ready  for  distribution  at  an  early  day. 
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During  the  year  1877,  a  paper  has  beeo  published  in  the  "Contribn- 
tions  to  Knowledge  "  on  the  "  Internal  structure  of  the  earth  considered 
as  affecting  the  phenomeDa  of  precession  and  natatioa,"  by  General  J. 
G.  Barnard,  United  States  Army.  This  is  a  supplementary  aiticle  to 
one  by  the  same  author  published  in  the  nineteenth  volume  of  Contribu- 
tions, and  was  read  before  the  National  Academy  of  Sciences  at  its  ses- 
sion in  April,  1877. 

For  several  years  past  Mr.  P.  P,  Carpenter,  author  of  the  "Lecturea 
on  Molluaca,"  and  the  "  Motlusks  of  Western  North  America,"  published 
by  the  Institution,  has  been  engaged  in  the  preparation  of  a  monograph 
of  the  ChitonidcE,  or  coat-of-niail  shells,  a  remarkable  group  of  shell-fish. 
An  appropriation  was  made  in  1877  to  enable  him  to  have  drawings  pre- 
pared of  rare  type-specimens  in  Europe.  We  regret  to  state,  however, 
that  before  his  work  was  completed  Mr,  Carpenter  died  at  Montreal,  on 
the21th  May,  1877.  He  was  the  son  of  the  well-known  Dr.  Lant  Carpenter, 
and  a  niemt>er  of  a  family  distinguished  by  great  gifts.  He  was  bom  in 
Bristol,  England,  in  1819,  and  after  graduating  at  the  University  of  Edin- 
burgh became  a  minister  of  the  gospel.  He  early  manifested  a  taste 
for  natural  history,  particularly  of  the  moUusks,  which  be  made  bis 
special  study  during  his  life.  He  presented  to  the  British  Museum  his 
own  collection  of  shells,  consisting  of  8,873  specimens,  all  determined, 
and  many  of  them  described  by  himself.  In  18d9  he  visited  America, 
where  be  was  engaged  in  determining  the  collectioDs  of  shells  in  the 
Smithsonian  Institution  and  other  museums.  His  manuscripts  were 
left  in  an  imperfect  condition,  and  partly  written  in  an  obsolete  phono- 
graphic short-hand.  An  attempt  at  having  this  short-band  deciphered 
is  being  made,  by  the  help  of  his  brother,  the  Bev.  Euasell  L.  Car- 
penter, of  Bridport,  England.  A  large  number  of  beautiful  drawings 
of  the  shells  and  soft  parts  of  the  various  genera  had  been  prepared 
at  the  cost  of  the  Institution,  and  the  manuscript,  or  such  portions  of  it 
as  may  be  made  available,  have  been  placed  in  the  hands  of  Mr.  W.  H. 
Dall  for  revision,  with  a  view  to  their  ultimate  publication.  It  is 
believed  that  this  monograph  will  form  a  valuable  contribution  to  the 
knowledge  of  the  invertebrate  animals  of  the  world. 

In  the  report  for  1875  it  was  stated  that  184  pages  had  been  stereo- 
typed of  the  Botanical  Index  prepared  by  Prof.  Sereno  Watson.  This 
work  is  intended  to  facilitate  the  labors  of  botanists,  especially  in  the 
study  of  the  plants  of  the  western  portions  of  the  United  States,  by 
famishing  references  to  all  the  published  descriptions  of  species  of  the 
flora  of  North  America  with  lists  of  synonyms.  The  seareh  for  what 
has  been  written  frequently  consumes  more  time  and  labor  than  all 
the  rest  of  a  botanical  investigation,  and  the  present  work  has  been 
undertaken  at  the  argent  solicitation  of  some  of  the  principal  botanists 
of  the  country,  who  have  also  contributed  to  the  expense  of  its  prepara- 
tiou.    Other  duties  of  Professor  Watson  have  been  so  engrossing  that 
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be  has  not  yet  beett  able  to  complete  this  work.  It  is  nov  proposed,  as 
recommended  by  Professor  Gray,  to  publish  the  pages  already  stereo- 
typed, as  part  1,  since  this  will  cover  tbe  groand  of  volome  1  of  Torrey 
and  Graj's  Flora  of  North  America  and  be  complete  in  itself  as  far  as  it 
goes.  A  short  preface  will  be  given,  and  at  tbe  end  an  index  to  the 
genera.  It  will  iuclnde  nearly  500  pages,  and  can  be  printed  and  distrib- 
nted  early  in  tbe  year  1878. 

The  "Toner  Lectnres"  have  been  instituted  at  Washington  by  Dr. 
Joseph  M.  Toner,  a  practicing  physician  of  this  city,  who  has  placed 
in  charge  of  »  board  of  trnstees,  consisting  of  the  Secretary  of  the 
Smithsonian  Institntion,  the  Surgeon-General  of  tbe  United  States 
Army,  the  Surgeon -General  of  tbe  United  States  Navy,  and  tbe  presi- 
dent of  the  Medical  Society  of  the  District  of  Oolnmbia,  a  fond,  the 
interest  of  which  is  to  be  applied  annually  for  a  memoir  or  essay  rela- 
tive to  some  branch  of  medical  science,  and  containing  some  new  truth 
fully  established  by  experiment  or  observation.  As  these  lectures  are 
intended  to  increase  and  diffuse  knowledge,  the  Institution  has  accepted 
tbem  for  pablication  in  its  series  of  "  Miscellaneons  Collections."  The 
following  is  a  list  of  tbe  lectures  already  published : 

1.  On  the  strnctnre  of  cancerous  tumors  aod  tbe  mode  in  which  adja- 
cent parts  are  invaded.  By  Dr.  J.  J.  Woodward.  November,  1873. 
44  pp.    8vo. 

2.  The  dual  character  of  the  brain.  By  Dr.  C.  E.  Brown-S^qnard. 
January,  1877.    25  pp.    8vo. 

3.  Strain  and  overaction  of  the  heart.  By  Dr.  J.  M.  Da  Costa.  Au- 
gust, 187i.    33  pp.    8vo. 

4.  A  study  of  tbe  nature  and  mechanism  of  fever.  By  Dr.  Horatio 
C.  Wood.    February,  1875.     48  pp.    8vo. 

6.  On  the  surgical  complications  and  sequels  of  the  continued  fevers. 
By  Dr.  W.  W.  Keen.    April,  1877.     72  pp.    8vo. 

6.  Subcutaneous  surgery ;  its  principles  and  recent  estension  in  prac- 
tice.   By  Dr.  William  Adams.    May,  1877.    20  pp.     8vo. 

Of  the  above  series,  the  second,  fifth,  and  sixth  have  been  published 
during  the  past  year.  The  second,  by  Dr.  Brown-S6quard,  was  not 
printed  in  its  regular  order  on  account  of  the  failure  of  the  author  to 
furnish  the  manuscript  of  the  lecture,  and  it  was  finally  published  from 
short-hand  notes  taUen  at  the  time  by  ^  reporter. 

Appended  to  the  lecture  of  Dr.  Keen  on  fever  is  a  bibliography, 
including  works  referring  more  or  less  briefly  to  several  diseases,  viz : 
1,  diseases  of  tbe  joints ;  2,  diseases  of  tbe  bones  j  3,  diseases  of  the 
larynx  ;  4,  gangrene ;  5,  heematomata;  6,  diseases  of  tbe  eye;  7,  phleg- 
masia ;  8,  miscellaneous. 

To  defray  in  part  the  cost  of  printing  these  lectures,  they  are  sold  at 
25  cents  each. 

The  records  of  scientific  discoveries  have  become  so  extended  and 
so  distributed  among  works  forming  whole  libraries,  that  to  become 
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acqnainted  with  vhat  is  known  Id  any  branch,  woald  he  a  labor  of  sacli 
magoitude  as  to  form  a  serions  obstacle  to  the  advance  of  knowledge  were 
not  means  devised  tor  facilitating  this  labor.  The  means  adopted  for 
this  end  are  classified  indexes  of  special  sabjects  in  which  may  be  found 
everything  of  importance  which  has  been  published  in  regard  to  the 
subject. 

The  Boyal  Society's  Catalogue  of  Scientific  Papers  is  a  boon  to  science, 
and  is  of  great  importance  to  every  original  investigator,  bnt  it  is 
arranged  solely  nuder  authors'  names,  and  contains  only  references  to 
papers  appearing  in  periodicals  published  since  ISOO,  excluding  all  hooks 
published  separately.  To  supplement  this  the  Institution  has  pub- 
lished during  the  year  an  index  of  books  and  memoirs  relating  to 
nehultB  and  star  clusters,  by  Prof.  E.  8.  Holden,  of  the  Washing- 
ton Observatory.  This  index  includes  all  papers,  memoirs,  and  books 
on  nebulse  and  clusters  alphabetically  arranged  according  to  authors, 
giving,  for  each  reference,  volume  and  page.  Where  the  title  of 
a  book  or  paper  explains  the  subject  of  it,  such  title  is,  in  general, 
alone  given.  Where  a  paper  is  quite  important  its  title  is  given,  and  if 
necessary,  a  note  more  or  less  brief,  expressive  of  its  contents.  The  works 
of  the  elder  Herschel  on  these  subjects  are  analyzed  at  considerable 
length,  in  order  partly  to  supply  the  great  want  of  an  edition  of  his  col- 
lected works.  In  the  case  of  papers  of  minor  interest,  a  reference  to  the 
periodical,  volume,  and  page  is  alone  given  (no  title),  and  a  note  of  its 
purport.  In  addition  to  this,  there  is  given  a  very  condensed  reference 
to  the  papers  in  each  periodical  consulted.  In  this  way  a  person  con- 
sulting the  catalogue  will  find  all  the  works  of  any  author  upon  the  gen- 
eral subject,  with  brief  notes  of  the  contents  of  each  paper;  or  again,  auy 
person  desiring  to  refer  to  the  various  papers  on  this  subject  contained 
in  any  serial  publication,  as  the  Philosophical  Transactions,  for  example, 
will  find  references  which  will  save  him  much  time.  The  index  is  prac- 
tically complete  to  the  present  date ;  it  contains  a  complete  list  of  all 
paUished  {and  many  unpublished)  drawings  of  nebnlEB  and  clusters,  and 
also  an  index  to  Sir  William  Herachel's  classes  of  nehulse. 

In  the  last  two  reports  an  account  was  given  of  a  new  series  of  publi- 
cations to  form  part  of  the  "Miscellaneous  Collections,"  entitled  "Bul- 
letins of  the  National  Museum,"  and  intended  to  illustrate  the  collec- 
tions of  natural  history  and  ethnology  belonging  to  the  United  States, 
of  which  the  Smithsonian  Institution  is  the  custodian.  They  are  pre- 
pared at  the  request  of  the  Institution  by  different  individnals,  and  are 
printed,  by  the  authority  of  the  Secretary  of  the  Interior,  at  the  Govern- 
ment Printing  OfSee. 

Since  the  date  of  the  last  report,  numbers  7,  8,  and  9  of  the  Bulletins 
have  been  published. 

Ko.  7  is  a  contribution  to  the  ^fTatural  History  of  the  Hawaiian  and 
Fanning  Islands  and  Lower  California,  by  Dr.  Thomas  H.  Streets,  passed 
assistant  surgeon.  United  States  Navy.    The  collection  that  furnished 
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the  materials  for  this  Bnlletin  were  made  hy  Dr.  Streets  while  connected 
with  the  North  Pacific  Snrvejing  Espedition  in  1873-'75.  The  Fan- 
Ding  groap  coDsiBts  of  four  small  coral  islands,  Christmas,  Fanning, 
Washington,  or  New  York,  and  Palmyra.  They  are  situated  imme- 
diately north  of  the  equator,  extending  from  latitude  1°  57'  north  to  5° 
40'  north,  and  from  longitude  157°  27'  west  to  162©  11'  west.  Three  of 
these  islands  have  heen  terra  incognita  to  the  naturalist,  and  furnish 
much  new  matter.  This  was  particularly  the  case  with  Washington 
Island,  which  is  an  obliterated  atoll,  having  been  lifted  up  by  some 
distnrbing  force,  so  as  to  close  np  the  lagoon-ontlet,  and  what  was  the 
old  salt-water  lagoon  is  now  a  fresh-water  lake.  It  is  probable  that  the 
salt-water  of  the  lagoon  has  drained  off  through  the  light,  porous  soil, 
and  its  place  been  supplied  by  rain-water.  It  is  unfortunate  that  the 
exigencies  Of  the  naval  service  did  not  permit  of  a  longer  stay  at  this 
island,  and  especially  that  safficient  time  was  not  given  to  investigate 
the  life  in  the  fresh-water  lake.  During  the  half  day  which  he  was 
allowed  to  remain  on  the  island,  Dr.  Streets  succeeded  in  fixing  the 
habitat  of  a  lory  [GoripMlug  kuhli),  which  has  long  been  a  puzzle  to 
ornithologists,  and  he  also  discovered  a  diminutive  species  of  the  gad- 
well  duck  inhabiting  the  lake.  The  specimens  of  the  lory  brought 
home  by  Dr.  Streets  are,  it  is  believed,  the  only  ones  in  this  country; 
and  they  are  exceedingly  rare  in  the  museums  of  Europe.  The  island  is 
densely  covered  with  vegetation,  the  coooaant-palm  tree  predominating. 
The  collection  represents  the  complete  avi-fauna  of  the  group  during 
the  winter  months,  with  two  or  three  exceptions.  A  point  of  interest 
in  connection  with  the  fish  collection  is  that  it  extends  the  area  of  dis- 
tribntion  of  many  species  that  were  previously  confined  to  the  East 
Indian  region.  The  conditions  surrounding  life  on  the  southernmost 
island  of  the  group,  Christmas,  were  generally  found  to  be  very  diflferent 
from  that  on  the  others ;  and  in  cases  where  it  was  the  same,  the  habits 
of  the  Bpeciee  wore  observed  to  be  greatly  modified.  The  notes  accom- 
panying the  names  of  the  sea-birds  are  thought  to  be  very  interesting 
in  this  connection.  Purely  land-life,  as  is  natural  to  be  supposed,  is 
very  scantily  represented  on  the  islands.  On  Palmyra  there  was  found 
a  minute  shell,  a  Tomatellina,  and  a  land-leech,  that  fastened  itself  upon 
the  ^elids  of  the  young  birds.  Bats  and  house-fiies  are  abundant,  bat 
neither  are  indigenous.  In  addition  to  the  land-birds  already  men- 
tioned,  there  was  also  observed  on  Washington  a  bird  resembling  a  fly- 
catcher,   G-iant  land-crabs  were  numerous  on  the  same  island. 

After  the  Portsmouth,  on  which  Dr.  Streets  was  stationed,  had  com- 
pleted the  survey  of  the  Fanning  group,  he  was  trausfened  to  the 
Narragansett,  which  was  making  a  survey  of  the  west  coast  of  Mexico. 
This  portion  of  the  collection  does  not  pretend  to  he  exhaustive  even 
of  any  one  locality,  the  nature  of  the  work,  a  running  survey,  precluding 
the  idea  of  a  protracted  stay  in  one  place.  The  elucidation  of  some 
doubtful  points  in  the  history  of  two  species  of  birds  and  an  account 
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of  tlie  gaano  depositB  in  tbe  Galf  of  California  are  tlie  only  notevorthy 
items  in  connection  with  the  ornithology  of  this  region.  Angel  Island 
in  the  Gulf,  was  foand  to  be  the  dwelling-place  of  two  extremely  rare 
Arizonian  reptiles.  In  regard  to  fish,  two  more  species  are  added  to  the 
number  of  those  that  are  common  to  both  the  Atlantic  and  Pacific 
shores  of  the  American  continent. 

The  eighth  namber  of  the  Balletin  is  an  index  to  the  names  which 
have  been  applied,  previous  to  the  year  1877,  to  the  sabdiviaiona  of  the 
class  Brachiopoda  exclnding  tlie  Rndistea,  by  William  H.  Dall,  of  the 
United  States  Coast  Survey.  The  Brachiopoda  are  among  the  most 
eharacteriatic  forma  by  which  geological  strata  are  co-ordinated.  Many 
genera  have  been  described  in  little-known  works  by  European  authors, 
andmanyothersinobscure  American  publications.  Mostof  the  names  ap- 
plied to  these  generaarednplicationsof  one  another.  American  and  Euro- 
pean authors  have  been  retarded  in  their  class!  Qcation  of  the  Brachiopods 
by  this  undigested  synonymy.  Mr.  W.  H.  Dall  has  collected  the  his- 
tory of  all  the  names  which  have  been  applied  to  members  of  this  group 
both  properly  and  improperly,  and  added  notes  on  their  synonymy,  rela- 
tions and  a  geological  table  of  the  strata  in  which  each  group  is 
found.  This  index  aftbrds  the  means  for  properly  naming  the  national 
collection  of  these  fossils,  and  it  has  received  the  approbation  of  Mr. 
Thomas  Davidson,  F.  R.  S.,  of  England,  the  highest  authority  living 
on  the  subject  of  Brachiopoda.  It  is  shown  by  this  list  that  of  sixteen 
familiea  of  Brachiopods,  six  have  living  representatives,  one  more  than 
appear  to  have  been  represented  during  the  Cacabrian  epoch,  while  bat 
two  of  the  Cambrian  familiea  have  anrvived.  All  those  living  in  Creta- 
ceoos  times  have  endured  till  now.  All  now  living  had  Paleozoic  rep- 
resentatives, while  half  the  Paleozoic  families  do  not  appear  to  have 
anrvived  the  changes  which  introdaced  the  Mezozoic  time.  This  tfork 
is  an  octavo  of  8S  pages. 

The  ninth  BaUelin  ia  entitled  "  Contributions  to  North  American 
Ichthyology  based  primarily  on  the  collections  of  the  United  States 
National  Museum.  Part  I.  Review  of  Bafinesqne's  Memoirs  on  North 
American  Fishes."  By  Prof.  D.  S.  Jordan.  The  object  of  the  author  of 
this  paper  ia  to  present  a  series  of  identifications  of  the  species  of  fresh- 
water fl&hes  described  by  Bafluesqne  in  his  "lohthyologia  Ohiensis" 
and  elsewhere,  the  result  of  nearly  three  years  of  field-work  in  the  region 
explored  by  Rafinesgue.    It  forms  an  octavo  pamphlet  of  53  pages. 

Annual  report — The  annual  report  of  the  operations  of  the  Institution 
for  the  year  1876,,  was  presented  to  Congress  on  the  16th  day  of  Feb- 
ruary, 1877,  and  on  the  28th  of  February  a  resolution  was  adopted  by 
Congress  ordering  an  edition  to  be  printed  of  30,500  copies,  of  which 
1,000  were  to  be  for  the  use  of  the  Senate,  3,000  for  the  House  of  Bep- 
resentatives,  and  6,500  for  the  nse  of  the  Institution.  This  was  a  reduc- 
tion in  the  nnmber  nsnally  ordered  for  distribution  by  the  Institatioo  of 
1,000  copies. 
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The  appeodix  to  tbe  report  for  1876  oontainB  traDslatious  of  Arago's 
Eulogy  on  Gay-Laasao;  Fialho'8  Biographical  Sketch  of  Dom  Pedro  I; 
Filar  on  the  Bevolotioos  of  the  Crnstof  the  Earthy  and  Btondel  on 
Jade ;  besides  original  articles  on  Kinetic  Theories  of  Gravitation,  by 
William  B.  Taylor;  tbe  Asteroids  between  Mars  and  Jnptt«r,  by  Prof. 
Daniel  Kirliwood ;  tbe  Latimer  Oollection  of  Antiquities  from  Porto  Bico, 
by  Prof.  Otis  T.  Mason;  Antiqaities  in  Guatemala,  by  the  Hon.  George 
Williamsoa;  Collections  ofHistoriealDocnments  in  Gaatemala,  by  Dr.  C. 
H.  Berendt ;  ObserT  ations  on  the  Prehistoric  Mounds  of  Grant  County, 
Wisconsin,  by  Moses  Strong;  Deposits  of  Flint  Implements,  by  Dr.  J. 
F.  Snyder;  Ancient  Mica  Mines  in  North  Carolina,  by  C.  D,  Smith;  a 
Double-walled  Earthwork  iu  Ashtabula  County,  Ohio,  by  Stephen  D. 
Peet;  an  Ancient  Implement  of  Wood,  by£.  W.Ellsworth;  Centennial 
Mission  to  the  Indians  of  Western  Nevada  and  California ;  Indian  Forts 
and  Dwellings,  by  Dr.  W.  E.  Doyle ;  and  the  Sioax  or  Dakota  Indians, 
by  Ool.  Albert  G.  Brackett. 

AHTHaOPOLOGT, 

Anthropology,  or  what  may  be  considered  the  natural  history  of  man, 
is  at  present  the  most  popular  branch  of  science.  It  absorbs  a  large 
share  of  public  atteatioD  and  many  original  investigators  are  assiduously 
devoted  to  it.  Its  otgect  is  to  reconstruct,  as  it  were,  the  past  history 
of  man,  to  determine  bis  specific  peculiarities  and  general  tendencies. 
It  has  already  established  the  fact  that  a  remarkable  similarity  exists  in 
the  archaeological  instruments  found  in  all  parts  of  the  world  with  those 
iu  use  among  tribes  still  iu  a  savage  or  barbarous  condition.  The  con- 
clnsiou  is  supported  by  evidence  which  can  scarcely  be  doubted,  that  by 
thoroughly  studying  the  manners  and  customs  of  savages  and  the  instra* 
mente  employed  by  them,  we  obtain  a  knowledge  of  the  earliest  history 
of  nations  which  have  attained  the  highest  civilization. 

It  is  remarkable  in  how  many  cases  customs  existing  among  highly 
civilized  peoples  are  found  to  be  survivals  of  ancient  habits.  Indeed  it 
is  asserted,  and  with  at  least  apparent  truth,  that  every  anmeaning 
ceremony  found  in  rural  life  in  Euroi>e  and  America,  is  a  survival  of 
an  important  custom  connected  with  an  essential  condition  of  life  in  the 
aboriginal  race.  Hence,  to  clearly  apprehend  the  manners  and  customs 
of  modem  sooiety,  it  is  necessary  to  study  them  in  connection  with  the 
myths,  tbe  ceremonies,  and  the  usages  of  ancient  people. 

American  anthropology  early  occupied  the  attention  of  the  Smithson- 
ian Institution.  To  collect  all  the  facts  which  could  be  gathered  in  regard 
to  the  archaeology  of  North  America,  and  also  of  its  ethnology,  or,  in  other 
words,  an  account  of  its  present  Indian  inhabitants,  was  considered  a 
prominent  object  in  the  plan  of  operations  of  the  establishment.  The 
first  volume  of  its  Contributions,  whereby  its  plan  of  intended  operations 
was  illustrated,  consists  of  an  elaborate  and  expensive  work  on  the 
"Ancient  Monuments  of  the  Mississippi  Valley";  and  from  the  time  of 
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the  pablicatioa  of  this  volame  until  the  present,  contributions  of  valne 
have  heen  made  annuall;  b;  the  Inatitntlon  to  this  branch  of  knowledge. 

Daring  the  past  year  amall  appropriations  were  made  as  uanal  for 
opening  moands  and  collecting  their  contents,  and  larger  ones  to  Mr.  f. 
A,  Ober,  for  archseological  explorations  in  the  West  Indies,  and  Stephen 
Bowers  for  similar  operations  in  California.  The  former  gentleman  has 
aacceeded  in  finding  remnantfl  of  the  ancient  Garib  tribes,  and  has 
obtained  photographs  of  the  people  and  specimens  of  their  handiwork. 
His  exploration  bids  fair  to  prodnce  a  valuable  retarn  for  the  money 
expended.  It  is  not  confined  to  ethnology,  but  embraces  collections  in 
all  branches  of  natural  hiBtory. 

The  esploratioo  by  Mr.  Bowers  was  a  continuation  of  one  undertaken 
in  connection  with  Major  Powell,  and  was  made  in  the  vicinity  of  Santa 
Barbara  and  on  the  islands  adjacent  to  Lower  California.  From  this 
exploration  forty  boxes  of  very  interesting  relics  of  the  ancient  inhabit- 
ants of  this  country  have  been  received.  A.  fall  report  of  these  will  be 
prepared  by  Major  Powell.  The  entire  series  of  objects  obtained  become 
tbe  property  of  the  Sational  Museum. 

As  will  be  seen  from  the  exhibit  of  the  executive  committee,  the  whole 
amount  of  money  devoted  to  explorations  during  the  year  is  $879.50. 

The  collection  of  the  archeology  and  ethnology  of  America  in  the  Na- 
tional Museum  is  the  most  extensive  in  the  world;  and,  in  order  to  con- 
nect it  permanently  with  the  name  of  Smitbson,  it  has  been  thought 
advisable  to  prepare  and  publish  at  the  expense  of  the  Smithaon  fund 
an  exhaustive  work  on  American  anthropology,  in  which  the  various 
classea  of  specimens  shall  be  figured  and  described. 

For  this  purpose  Mr.  Charles  Ran,  formerly  of  New  York,  well  known 
for  his  contributions  to  American  archeology,  has  been  employed  to 
take  charge  of  the  work,  with  the  assistance  of  skilled  artists.  He  is 
furnished  with  rooms  in  the  building,  and  now  devotes  one-half  of  the 
time  to  the  arrangement  of  the  archsologioat  museum,  and  the  other  to 
the  description  of  the  specimens  and  the  direction  of  the  artists  engaged 
in  delineating  them. 

The  Institution  has  also  lately  entered  upon  a  project  it  has  long  had  in 
contemplation,  namely,  the  compilation  of  a  map  of  the  distribntiou  and 
character  of  the  archaeological  remains  of  North  America.  The  prelimi- 
nary arrangements  for  this  work  have  been  intrusted  to  Prof.  Otia  T. 
Mason,  of  Columbian  University,  who  has  prepared  a  circular  which  wil 
soon  be  published  by  the  Institution. 

In  the  last  report  it  was  stated  that  the  large  collection  of  Indian 
Tocabularies  in  possession  of  the  Institution  had  been  transferred  to 
Prof.  J.  W.  Powell,  to  be  incorporated  with  his  series  in  his  genera! 
work  on  the  ethnology  of  the  Territories  of  the  United  States  in  course 
of  preparation  and  publication  by  the  Interior  Department.  What  has 
heen  accompUshed  during  the  past  year  in  relation  to  this  work  will  be 
seen  in  Professor  Powell's  account  of  his  explorations,  given  in  the  ap- 
pendix  to  the  report  of  the  Secretary. 


■  Cooc^lc 


84  REPOBT  OP  TH£  SECBETABT. 

Befeienca  was  made  ia  tbe  laet  report  to  the  "  iDstractions  for  resenich 
xelative  to  tlie  etboology  and  pliilology  of  America,"  prepared  in  1861 
l^  Dr.  George  CribtjB,  and  the  fact  was  stated  that  a  new  edition  of  tbia 
vork  had  been  undertaken  in  behalf  of  the  Institation  by  Professor 
Powell.  DariDg  the  year  1877,  a  volume  entitled  "  iDtroduotion  to  the 
Study  of  Indian  Laugnages"  has  been  printed,  and  a  few  co|des  dis- 
tributed among  those  interested  in  the  study  of  Indian  languages  for 
mch  additions  and  emendations  aa  may  be  suggested  preparatory  to 
final  publication.  In  its  preparation  Professor  Powell  was  assisted  by 
Prof^  W.  D.  Whitney,  tbe  distinguished  philologist. 

METEOEOLOGY. 

The  Institution  during  the  past  year  has  continued  its  labors  in  the 
line  of  the  reduction  of  meteorological  observations.  It  has  t>e6n  espe- 
dally  engaged  in  the  discussion  of  material  for  a  new  edition  of  the  Rain- 
fall Tables  for  North  America.  It  has  also  reduced  and  printed  the  ob- 
servations made  by  Professor  Caswell  at  Providence,  from  the  termina- 
tion of  his  series  of  meteorological  observations  published  in  1860  down 
to  the  close  of  1876,  the  whole  making  a  continuous  series  for  a  period  of 
forty-five  years.  Long  series  of  this  kind  are  of  great  importance  in  de- 
termining any  change  of  climate  which  may  have  occnrred  during  the 
period  which  they  embrace. 

We  mention  in  regud  to  this  series  an  interesting  fact  in  connection 
with  the  supposed  change  in  the  rain-fall  in  different  parts  of  the  United 
States  due  to  the  clearing  off  of  forests.  If,  for  example,  we  take  ftom 
this  series  three  ten-year  periods,  one  at  the  beginning,  one  at  the  middle, 
and  one  at  the  end,  we  observe  a  regular  increase  instead  of  diminution 
in  the  amount  of  rainfall  in  Providence,  as  shown  by  the  following 
figures: 

From  1833  to  1811,  average  38  inches. 

From  1852  to  1861,  average  44  inches. 

From  1867  to  1876,  average  49  inches. 

This  fact,  however,  may  be  in  some  way  connected  with  the  custom 
which,  I  am  told,  has  become  common  in  New  England  since  the  inhab- 
itants have  devoted  themselves  largely  to  manufactures,  of  allowing  a 
considerable  portion  of  the  soil  which  was  formerly  under  cultivation  to 
grow  up  in  wood. 

The  next  series  of  observations  which  remains  to  complete  the  results 
of  the  whole  meteorological  system  of  the  Smithsonian  Institution  will 
t>e  that  on  the  pressure  of  the  atmosphere,  which  is  intimately  con- 
nected with  the  dominant  winds  in  different  parts  of  the  country. 

The  miscellaneous  work  by  the  meteorological  computers  of  tbe  Insti- 
tution during  tbe  year  1877,  is  as  follows : 

1,  Tabulating  the  mean  temperature  and  the  maxima  and  minima  of 
temperature  for  the  Smithsonian  stations  for  the  years  1871-'72-'73. 

2,  Tabulating  rain-fall,  temperature,  and  maxima-  and  minima  for 
Canadian  stations,  1875. 
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3.  Tahniating  raio-fall  for  Signal-SeiTtce  stations,  January,  1S7S,  to 
July,  1876. 

4.  Making  correctioDS  and  additions  to  rain-fall  manascript. 

5.  Making  indices  to  the  rain-fall  and  maxima  and  miuitna  tables. 

TELEQEAPHIC  ANNOUNCEMENT   OF  ASTEONOMIOAL   DI3C0VEBIBS. 

Tlie  arrangement  whicU  was  established  betweeo  the  Smithsonian  I;i- 
stitntion  and  the  Atlantic  cable  companies  in  1S73,  by  which  frue  telo- 
graphio  transmission  of  astronomical  discoveries  was  granted  between 
Europe  and  America,  has  been  continued  during  the  past  year. 

The  following  is  a  list  of  the  small  planetoidal  bodies  discovered  in 
1877: 


Nomber. 

»... 

Dl«.™d-| 

A,- 

T 

Feb.    5,1877 
Anjt.  9.1877 
Sept  3,1877 

Oct    I,  len 

Oct  14,1877 

Nov!   8,1877 
Nov.ll,lBT7 
Deo.  B»,  1977 

IfoTE.— £uBi«n  (141)  VM  ludepeadentl;  dlsooTered  by  Watami  and  Borell;  la  AagnBt,  and  Allior 
(161)  byPallsa  la  October. 

EXCHANGES. 

The  literary  and  scientific  exchanges  inaugnrated  by  the  Institntion 
have  increased  during  the  past  year  in  a  greater  ratio  than  ever  before. 
Four  hundred  and  six  boxes,  averaging  7  cubic  feet  each,  with  a  total 
weight  of  nearly  100,000  pounds,  and  containing  over  15,000  separate 
parcels,  were  sent  abroad  by  the  Institntion.  During  the  year,  4,870 
packages,  each  containing  several  articles,  have  been  received  from 
abroad  for  distribution  in  this  country. 

To  show  the  high  estimation  in  which  this  branch  of  the  operations 
of  the  Institntion  is  held,  as  well  as  to  give  proper  credit  to  the 
parties  who  forward  free  of  charge  the  packages  of  the  Institution,  we 
republish,  as  usual,  the  following  list : 


New  York  and  Brazil  SteaiiiHlilpCompanj. 
Norti)  Oennau  Llo;d  SCeamaliip  CompsDy. 
Hamburg  American  Packet  Company. 
North  Baltic  Lloyd  Steamebip  Compaay. 
Inman  Steamship  Company. 


Canard  Steamabip  Company. 
Anoboi  Steamabip  Company. 
Paclfio  Mail  Steamship  Company. 
P^ama  Railroad  Company. 
Pacific  Steam  Navigation  Company. 
New  York  and  M&iico  Steamship  Company. 

The  special  thanks  of  the  Institntion  are  again  tendered  to  the  above* 
mentioned  companies  for  their  enlightened  lilwrality. 

We  may  also  mention  as  an  evidence  of  the  high  appreciation  of  the 
character  of  the  Smithsonian  exchanges,  that  the  packages  bearing  the 
marks  of  the  Institution  are  admitted  free  of  dnty  into  all  foreign  ports 
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The  following  are  the  principal  foreign  agencies  of  reception  and  dis- 
tribntion  of  the  Smithsonian  exchanges : 

London,  William  Wesley,  28  Eases  street,  Strand. 

Paris,  G.  Bossange,  16  Eae  Aa  4  Septembre. 

Leipsio,  Dr.  Felix  Fltigel,  49  Sidonien  Sttasse. 

St.  Petersburg,  L.  Watkius  &  Co.,  10  Admiralty  Place. 

Amsterdam,  Prederiok  Miiller,  Heerengracht  KK.  No.  130. 

Milan,  TJ.  Hoepli,  591  Galeria  Oristoforia. 

Harlem,  Professor  von  B»niuhaner. 

Christiania,  Royal  University  of  Norway. 

Scockholm,  Royal  Swedish  Academy  of  Sciences. 

Copenhagen,  Eoyal  Danish  Society. 

Lisbon,  Polytechnic  School. 

Madrid,  Royal  Academy  of  Sciences. 

Havana,  Dr.  Felipe  Poey. 

Santiago,  University  of  Chili. 

Mexico,  Mexican  Society  of  Geography  and  Statistica. 

Montreal,  Geological  Survey  of  Canada. 

The  packages  of  the  Institution  for  the  West  Indies  have  been  kindly 
forwarded  by  Mr.  Thomas  Bland,  of  New  York,  and  those  for  Turkey, 
by  Messrs.  Chrysoveloui&Co., of  SFenwickstreet, Liverpool, England; 
and  those  for  other  points  in  the  East,  by  the  American  BoMd  of  Com- 
missioners for  Foreign  Missions,  Boston. 

The  following  table  exhibits  the  nnmber  of  foreign  establishments 
with  which  the  Institution  is  at  present  in  correspondence,  or,  in  other 
words,  to  which  it  sends  publicatioDS  and  from  which  it  receives  others 
in  retarn. 

Foreign  institutions  in  correspondence  with  the  Smithsonian  InsHtution. 


Algeria - " 

Argentine  Republic 14 

AnHtralift 32 

Belginm 113 

Bolivift 1 

Brazil 10 

British  America 30 

Britiah  Oniana 3 

Cape  Colony 6 

Central  America 3 

Chili e 

Obina 1 

Colombia  •. • ■. 3 

Denmark 29 

Dntch  Qaiana 1 

EcnadoT 1 

Egypt 8 

Oerm  any  aod  Austria 661 

Gr^at  Britain  and  Ireland 368 

Greece 6 

Holland 65 

Iceland 4 

India 30 


Italy 

Liberia""""*!.".'! 

UanritiDB 

Mexico 

New  Zealand 

Norway ,,, 

Peru 

Philippine  iBlaada  .. 

Polynesia 

Portugal 

Russia 

St.  Helena 

Sweden 

Switeerland 

Tnrkej 

Venezuela 

West  Indies 

Qeneral 


Total.. 
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Sbiligtiei  of  exoluMgm  sent  dariitg  the  laet  nine  years. 


■.«L 

1870. 

1871. 

tm. 

1873. 

1874 

1875: 

im 

1B7T. 

as] 376 

ISl 
Si!  383 

108 
38,950 

179 
Si6,8iw 

loe 

37,990 

1,503 
45,300 

M3 
80,750 

39T 

AS 

To  facilitate  tlie  business  of  tbe  cxchaDges,  the  following  rules  bave 
been  adopted : 

1.  Every  package,  witbont  exception,  mnst  be  enveloped  in  strong 
paper,  and  seoared  so  as  to  bear  Beparate  transportation  by  express  or 
otherwise. 

2.  The  address  of  the  institution  or  individual,  for  whom  the  package 
is  intended,  must  be  written  legibly  on  the  cover,  and  the  name  of  the 
sender  on  one  corner  of  the  same. 

3.  JSo  single  package  mast  exceed  half  of  a  cubic  foot  in  bulk. 

4.  A  detailed  list  of  addresses  of  all  the  parcels  sent,  with  their  con- 
tents, mnst  accompany  them. 

5.  ISo  letter  or  other  communication  can  be  allowed  in  the  parcel, 
excepting  such  as  relates  exclusively  to  the  contents  of  the  package. 

6.  All  packages  must  be  deli  vered  in  Washington  free  of  freight  and 
other  expenses. 

7.  Erery  parcel  should  cod  tain  a  blank  acknowledgment,  to  be  signed 
and  returned,  either  through  the  agent  of  the  Institution,  or,  what  is 
still  better,  through  the  mail,  to  the  sender. 

Should  returns  be  desired  for  what  is  sent,  the  fact  should  be  ex- 
plicity  stated  on  tbe  list  of  the  contents  of  the  package,  as,  unless  these 
are  specifically  asked  for,  they  will  fail  in  many  instances  to  be  made. 

Specimens  of  natnral  history  will  not  be  received  for  transmission 
unless  with  a  previous  understanding  as  to  their  character  aud  bulk. 

8.  Unless  all  these  conditions  are  complied  with,  the  parcels  will  not 
be  forwarded  from  the  Institution ;  and,  on  the  failure  to  comply  with 
the  first  and  sec  oud  conditions,  will  be  returned  to  tbe  sender  for  cor- 
rection. 

A  new  edition  of  the  list  of  foreign  correspondents  of  the  luBtitntioa 
is  now  in  press  and  will  be  distributed  to  libraries  &c.,  in  the  course  of 
a  few  weeks. 

Exchange  op  goteenment  documekts.— In  the  report  for  1875  a 
full  account  was  given  of  the  system  adopted  for  carrying  out  the  law 
relative  to  the  exchange  of  the  ofBcial  publications  of  the  United  States 
Government  forthose  of  foreign  nations.  In  accordance  with  this  system, 
during  the  past  year,  71  boxes  of  documents  were  forwarded,  the  follow- 
ing being  a  list  of  the  distribution : 
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International  exchange  of  government  publications  in  1877. 
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Brazil 

2 

2 

BoenoeAyres 

a 

2 

England 

a 

2 

Fwnoe 

3 

Spain 

2 

7 

Sweden 

a 

H»« 

3 

Switzerland 

2 

Taamania 

a 

Japan 

2 

Turkey 

2 

2 

Veneznela 

3 

Norway 

2 

Total 

71 

Ontario 

a 

The  expense  of  boxing,  packing,  traaaporting,  and  payment  of  agents 
in  connection  witli  the  transmission  of  these  gorernmen  t  dounments 
has  been  advanced  for  two  years  by  the  Institution,  but  it  is  expected 
that  Oongre33  will  teimbnrse  it  by  an  appropriation  at  tbo  present  ses* 

SiOD. 

LIBEAEY. 

statement  of  the  books,  maps,  and  cfiarts  received  by  tke  Smitltaovdan  Insti- 
tution in  1877,  and  transferred  to  the  Library  of  Congress. 
Volumes: 

Octavo,  or  less 1,328 

Quarto,  oc  larger 5C1 

■  1, 889 

Parts  of  volames : 

Octavo,  or  less 1, 054 

Qoarto,  or  larger 2, 373 

Pamphlets: 

Octavo,  or  less 1, 754 

Quarto,  or  larger 430 

.  2,184 

Maps  and  charts 326 

Total 8,72G 

An  inoreaae  of  1,141  over  the  year  1S7C. 

List  of  the  more  valuable  books  received  in  1877. 

From  the  British  Maseam,  London  :  Fac-slmileof  an  Egyptian  Hiera- 
ticPapyrns,ofthereigiiofGaniesesIlI.  London, 1876.  Oblong  Elephant 
folio.— Fao-similes  of  Ancient  Charters.  Parts  ii,  iii.  1876-1877. 
Folio. — Gatalogae  of  Sanskrit  and  Pali  books.  By  Dr.  E.  Haas.  1870. 
4to.— Catalogue  of  Oriental  Coins.  Vol.  ii.  1876.  8vo.— Catalogue  of 
Greek  Coins.    Sicily,  1876.    8vo. — Catalogue  of  the  Fossil  Eeptilia  of 
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Soath  Africa.  By  E.  Owen.  1876.  8vo.— Oatalogae  of  Birds.  Vol. 
iii.    1877.    8vo. 

From  tbe  Boyal  Society  of  Northern  Antiquaries,  Gopenbagen :  An- 
tiquit^s  Bosses  tl'apr^s  les  Monamenta  historiqnes  des  Islandais  et 
des  anciens  Scandinavea.  Vols,  i,  ii.  Copenhagen,  1850-1852.  Folio. — 
Aarboyer  for  1875-1876.    7  parts.    Svo. 

From  the  Boyal  Prnssian  Mining  Office,  Breslaa:  Oeologie  von  Ober- 
scblesien,  with  atlaa,  charts,  and  profile.  Brcslaa,  1870.  4to.  (8 
copies.) — Uebersieht  iiber  die  Prodnction  der  Bergwerke,  Salinen  und 
Hiitten  im  Prenss.  Staate  im  Jahre,  1876.  Beriin,  1877.  4to.— Mon- 
tanstatistik  des  deutschen  Boichs  nnd  Luxemburgs,  &c.,  1875.  Berlin, 
1877.  4to. — Vierteljahrshefte  zur  statiatik  des  dentscben  Beicbs  fiir  das 
Jahr,  1873.    Berlin.    4to. 

From  tbe  General  direction  of  tbe  Royal  Collections  of  Art  and 
Science,  Dresden :  Daa  Griine  Gewolbe  zii  Dresden.  Hundert  Tafeln  in 
Licbtdruck,  enthaltend  gegen  300  gegenstiinde  ans  den  verschiedensten 
Zweigeu  der  Kunat-Industrie,  nach  Prof.  Graff,  Director  der  konigl. 
Kunst-Gewerbschulo  zu  Dresden.  Beriin.  Folio. — Mittbeilnngen  aos 
dem  K.  Zoologischen  Moaeam  za  Dresden,  ii.  Dresden,  1877.  4to. — 
Archiv  fur  Litteratargeacbichte,  1877.    3  parts.    8to. 

From  the  Boyal  D'niversity  of  Norway,  Christiania:  Die  Fflanzen- 
welt,  Norwegens.  Yon  Dr.  F.  G.  Schabeller.  Specieller  theil.  Ghiia- 
tiania,  1875.  4to. — Die  Skandinaviske  og  Arktiate  Amphipoder,  besk- 
revne  af  Axel  Boeck.  Ghriatiania,  1876.  4to. — Eoameratio  lusectorum 
Norvegicoram,AnctoreH.  Siebke.  i-iv.  Ghriatiania,  1874-1877.  8ro. — 
Die  Eircbe  za  Hitterdal,  in  10  Blatt«m.  Dresden,  1837.  Folio.— Aars- 
beretnring,  1872, 1873, 1874, 1875.  Ghriatiania.  8vo.— Heilagra  Manne 
SSgur.  Udgivne  af  Dr.  0.  R.  Unger.  Chiistiania,  1877.  Svo. — Poa- 
tola  SSgar.  Udgivne  af  C.  B.  Unger.  Ghistiania,  1874.  Svo. — Korges 
Mynter  i  Middelalderew  af  G.  I.  Schive.  Ghriatiania,  1865,  Folio.^ 
Norake  Eigsregiatranter,  1628-1631.  Christiania,  1874.  Svo.— And  8 
volnmes  and  14  pamphlets  of  university  pablicationa. 

From  the  Imperial  Arcb^ological  Commission,  St.  Petersburg ; 
Oompte8-B6ndu,1872, 1873, 1874.  StPetereburg,  1875-1877.  4to.  with 
folio  Atlas. 

From  tbe  Boyal  Zoological  Society,  Amsterdam:  Jaarboekje,  1852, 
1853,  1855-1870,  1872-1875.  Amsterdam.  (23  vols.)— Nederlandaeh 
Tijdschrift  von  de  Dierkunde.  Vols,  ii,  iii,  iv.  Amsterdam,  1865-1S73. 
8vo. 

From  tbe  South  Kensington  Musenm  :  Science  and  Art  Deimrtment, 
London ;  Descriptive  Gatalogne  of  tbe  Maiolica,  Hispano-Moiesco,  Per- 
sian, Damascus,  and  Bhodian  Wares,  in  the  South  Kensington  Muaeam. 
1873.  Svo. — Descriptive  Catalogue  of  Bronzes.  1876.  Svo. — A  Descrip- 
tion of  the  Ionics,  Ancient  and  Mediaeval,  in  tbe  Sonth  Kensington  Mu- 
seum. 1872.  Svo. — Textile  Fabrics  in  the  South  Kensington  Musenm. 
1870.    Svo. — Ancient  and  Modern  Furniture  and  Woodwork  in  the  South 
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Kensington MoBeam.  1871.  Sto. — UatalogneoftheSpecialExbibitionof 
Works  of  Art  on  Loan.  1862.  8vo.— The  First  Proofs  of  the  Universal 
Gatalogae  of  Books  on  Art.  Vols,  i,  ii,  and  sopplement.  1870-1875. 
ito.— Universal  Art  Inventory.  Parts  i,  ii,  iii,  1868-1872.  8vo.— Cata- 
logue of  Italian  Scniptare,  hy  J.  0.  Bobinson.  1862.  8vo.— Descriptive 
Catalogue  of  Mnsical  Instraments  in  the  South  Kensington  Museum. 
1874.  8vo. — Historical  Collection  of  Water-color  Paintings  in  the  Booth 
Kensington  Moseum.  1876.  Svo. — Catalogue  of  Enamels  on  MetaL 
Illustrated.  1876.  4to. — Illastrated  Catalogue  of  Jabinal's  Collection 
of  Ancient  Cutlery.  1874.  4to. — Illastrated  Catalogue  of  Electrotype 
Beprodnctions  of  Works  of  Art,  1873.  4to. — ^Drawings  of  Glass  Cases 
in  the  South  Kensington  Maseam,  with  Saggestions  for  the  Arrange- 
ment of  Specimens.  1877.  4to. — Special  Loan  Exhibition  of  Decora- 
tive Art  N'eedle-work  made  before  1800,  1874.  4to.— Gatalogae  of  An- 
cient Musical  Inatrnments.  1872.  4to. — Catalogue  of  Exhibition  of 
National  Portraits.  1866,  1867,  1868.  London,  8vo.— Catalogue  of 
Special  Exhibition  of  Portrait  Miniatures.  1865.  Svo. — Objects  of 
Indian  Art.  1874.  8vo.— Monnments  of  Early  Christian  Art,  1872. 
Svo. — A  Desoription  of  the  Trojan  Column,  by  J.  Huagecford  Pallen, 
1874,    Svo. — And  65  volumes  of  catalognes,  lists,  &c. 

From  the  British  Government:  Report  on  the  Antiquities  of  Kathiawad 
and  Kachb,  being  the  result  of  the  second  season's  operations  of  the 
ArehsBologieal  Survey  of  Western  India,  1874-'75.  By  James  Burgess, 
London,  1870.     ito. 

From  Capt.  John  Ericsson,  Ifew  York:  Contributions  to  the  Centen- 
nial Exhibition,  by  John  Ericsson,  LL.  D.    'Sew  York,  1876.    4to. 

From  the  Ministfere  de  I'Instruction  Publique  et  des  Beaux-Arts, 
Paris:  Denderah;  Description  g4n^rale  dn  Grande  Temple  de  cette 
ville,par  Auguste  Mariette  Bey,  i-vi.  Paris,  1870-1875.  Folio. — Cata- 
lognedelaBibliothfequeNatiouale.  Histoire,  Tomex,  M^decine.  Tome 
ii.  Paris.  1870-1873.  4to. — Nouvelle  Archives  da  Museum  d'flistoire 
JTaturelle.  Vol.  iv,  pt.  4;  vols.  v-x.  Paris,  1868-1876.  4to.— Monu- 
ments divers  reoueillis  en  Egypt  et  en  Nubie.  Livr.  1-24.  Paris,  1872. 
Folio,— Etudes  Egyptologiques,  Livr.  1-7  and  9.  Paris,  1873-1877. 
4to. — Melanges  d'Archeologie  Egyptienne  et  Assyrienne.  Li\T.  1-8. 
Paris,  1872-1876.  4to. — Inventaire  des  Manuscrits  Franjais  de  la  Bib- 
lioth&que  Ifationale.  Tome  i.  Tbeologie.  Paris,  1876.  Svo, — Rapports 
sur  le  service  des  Archives,  de  la  Biblioth^qne  Rationale  et  des  Missions. 
1876,  Paris.  Svo. — ManuscritTroano.  Tomesi,ii,  and  supplement,  1S69, 
1870.  4to. — ^Travanz,  Instruments  et  Machines  Agricoles, pat  M.  H.  Man- 
gon.  Text  and  atlas.  Paris,  1875.  4to. — Statistiqne  Moonmentale  de 
Paris.  Livr.  30-36  and  text.  Paris,  1867.  Folio. — Recueil  de  Dipldmes 
Militaires.  i.  Paris,  1876.  4to. — Examen  des  Tarifs  de  Douane.  Paris, 
1876,  4to.— Recueil  des  Charles  de  I'Ahbaye  de  Cluny.  Tome  i.  Paris, 
1876,  4to. — Monographie  de  la  Cath4drale  de  Chartres.  Atlas.  Livr. 
5-9.    Paris,  1853-1S65.    Imp.  folio.— Nonvelle  G^ogtaphie  Universelle, 
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par  £lis^  Beclus.  Tomes  i,  ii.  Paris,  1876,  1877.  8vo. — Rapport  aa 
Ministrede  laMariDerelatif  ill'oBstr^icnltare.  Paris,1877.  8to. — StatJs- 
tigue  des  Ftohes  Maritimes,  1S75,  Paris,  1876.  dvo. — La  Ghalear  solaire 
el  aes  applications  iadustrielles,  par  A.  Mouchot.  Paris,  1869.  Svo. — 
Situation  AdministratiTe  des  Mont8-de-Pi4t^.  Paris,  1876.  8vo. — K6- 
paratioa  des  DommageB  T^aaltant  de  I'lavaaion.  Paris,  1876.  4to.— 
Enqnfite  sar  les  Bureaux  de  Bieafaisance.  Paris,  1874.  4to. — Vo- 
yage G^ologigue  dans  les  B^pubiiqaes  de  Gaatemala  et  de  Salvador. 
Paris,  1868.  4to. — Eapports  sar  I'Exposition  Universelle  k  Yienne  en 
1873.  Tomea  i-v.  Paris,  1875, 1876.  8vo.— Les  Progrfes  de  la  Photo- 
graphie,  par  A.  Davanne.  Paris,  1S77.  8to. — Bapport  sur  la  Mission 
des  Cliotts.  Paris,  1877.  8vo. — STouvelle  Navigation  Astronomiqae. 
Th^rie.    Pratique.    Paris,  1877.    8vo.— (2  vols.) 

From  Dr.  W.  Engelmann,  Leipzig :  Aristoteles  Werke.  Vols.  i-v. 
Leipzig,  1853-1874.  8vo.  Morpbologiscbes  Jahrbnch.  Vols,  i,  ii ;  vol. 
Hi,  pt8.1-3.  Leipzig,  1875-1877.  Svo. — Jahrbiicherfiirwissensobaftliche 
Botanik.  Vols,  ir,  vi-xi.  Leipzig,  1865-1877.  8vo.— ZeitscUrift  fiir  wis- 
senscbaftliche  Zoologie,  1856-1875.  Leipzig.  Svo.  (58  parts). — Die 
Heliceen,  von  J.  0.  Albers.  Leipzig,  1S61.  Svo. — Lebrbuob  der  Botanik, 
Ton  Dr.  J.  Sacbs.  Leipzig,  1S74.  Svo. — Die  Spongien  des  Adriatiscben 
Meeres,  von  Dr.  O.Schmidt  and  Suppl.  1-3.  Leipzig,  1862-1868.  4to.— 
Spongien  Faana  des  Atlantischen  Gebietes,  von  Dr.  O.  Scbmidt.  Leip- 
zig, 1870.  4to.— Handbueh  der  Zoologie.  Vols,  i,  ii.  Leipzig,  1863-1868, 
8vo.— Bibliotheca  Bntomologica.  Vols,  i,  ii.  Leipzig,  1863, 1863.  Svo. — 
Jahresbericht  der  im  Gebiete  der  Zootomie  erschienenen  Arbeiten,  von 
J.  V.  Cams.  Leipzig,  1836.  Svo. — Die  SUaawasaerflscbe  der  Oestreich- 
iseben  Monarcbie,  von  J.  Heckel  nnd  Dr.  R.  Kner.  Leipzig,  1858. 
Svo. — TJntersuchungen  iiber  Pteropoden  and  Heteropoden,  vou  Dr.  0. 
Gegenbauer.  Leipzig,  185o.  4to. — Catalogna  Plantarum  Cabensium, 
von  A.  Grisebach.  Leipzig,  1866.  Svo. — System  der  Thierischen  Mor- 
pbologie,  von  Dr.  J.  V.  Cams.    Leipzig,  1S53.    And  various  pampblets. 

From  the  Minister  of  Education,  Tokio,  Japan:  34  charts  for  object- 
teaching,  and  38  Japanese  text-books. 

From  0.  de  Eanfman,  Governor  General  of  Tarkistan,  a  collection  of 
photographs  of  the  races  of  mankind  Inhabiting  the  Basaian  possessions 
in  Central  Asia,  prepared  for  the  exhibition  of  the  last  International 
Oongreas  of  Orientalists. 

From  the  Academie  de  Montpellier :  Faculty  de  M^decine.  Thfeses  de 
Montpellier.    1870-1875.    Montpellier,  47  volumes.    4to. 

From  the  Spanish  Centennial  Commission,  Philadelphia:  Coleccion 
de  Documentos  in^ditos  del  Archivo  General  de  la  Corona  de  Aragon. 
Vols,  i-xxxix.  Barcelona,  1853-1871.  Svo. — Memorias  de  la  Academia 
de Cieociasde Madrid,  vol. i;  vol.ii,pt.2;  vol.iii-vi.  Madrid,  1850-1865. 
4to. — Memoriaa  de  la  Real  Academia  de  Cienciaa  Morales  y  Politicas. 
Vol8.i,ii.  Madrid,  1861-1867.  4to. — DtscarsosdeBecepcionyde  Contest- 
acion  Leidos  ante  la  E.  Academia  de  Cieneias  Morales  y  Politicas,  1860- 
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1875.  Madrid,  1875,  8vo. — Discursos  Leidos  en  la  Beal  Academia  de  la 
Historia,  1852-1875.  Madrid.  8to.— Cortes  de  Leon  y  de  Castilla.  VoU. 
i-iii.  Madrid,  1861-1866.  4to.— Historia  de  la  Univeraidad  de  Granada, 
tiranada,  1870.  8vo. — ^Farmacopea  Espafiola.  Madrid,  1865.  8vo. — 
Antiquedades  prehistoricas  de  Andalacia.  Madrid,  1868.  8vo. — Estudo 
social  y  politico  de  los  Mud^area  de  Gastilla.  Madrid,  1866.  4to. — Estn- 
dios  Filosofia  del  Derecho,  por  Don  M.  A.  Martinez.  Madrid,  1874, 
8ro. — Oatalogo  Bil)liogra&co  y  Biogra&co  del  Teaslo  Autiguo  Espauol. 
Madrid,  1860.  4to. — Uiccionario  de  Bibliograflca  Agroudmica.  Madrid, 
1865.  4to. — Classi&cacioQ  General  de  los  Moutea  Pablicos.  Madrid, 
1S59.  4to. — iNoticia  del  Maseo  Arqueologico  Naciooa).  Madrid,  1876. 
8vo.  (6  copies.] — Estadiatica  de  los  Monies  Publicos,  1861-1865.  Mad- 
rid, 1876.  4to.— Comision  de  la  Flora  EspaBola.  Madrid,  1870.  4to.— 
Memoria  aobre  la  Inundaoion  del  Jdcar  en  1864.  Madrid,  1866.  4to. — 
And  22  Yolumea  and  30  pamphleta  oa  edncation,  medicine,  &c.. 

From  the  Swiss  Centennial  GommisBioD,  Pfailadelphia:  Geschiclite  der 
Geaellachaft  zor  Beforderung  des  Guten  und  GemeinUtzigen  Jahre,  1-98, 
1827-1874.  Basel.  Svo. — Folio  volnme  of  Geological  Charts,  pablished 
by  Wurater,  Bandegger  &  Co.,  Winterthen. — 28  volnmes  on  Swiss  rail- 
roads.   Folio  and  4to. 

From  the  Turkish  Centennial  Commission,  Philadelphia:  I/Arcbiteo- 
tureObtomane,  ouvrage  actorish  par  lrad6  imperial  eb  pnbli^  sons  le 
patronage  de  Son  Exoellence  Editem  Pacha.  Constantinople,  1873, 
Folio.  (2  copies.} — Lea  Costumes  Populaires  de  la  Turquie  en  1873. 
Constantinople,  1873.    4to.    (3  copiea.) 

From  the  ^Netherlands  Centennial  Commission,  Philadelphia ;  Arch- 
ives du  Musfie  Teyler,  Vols,  i-iii.  Haarlem,  1868-1874.  4to.— La 
Cbimrgie  Militaire  par  W.  C.  Gori.  Amsterdam,  1874.  8vo. — Des  Hopi- 
taax,  Tentes  et  Baraqnes,  par  "W.  C.  Gori.  Amsterdam,  1872.  8vo. — A 
Sketch  of  the  Public  Works  in  the  Netherlands.  By  L.  C.  Ton  Kerkwy  t. 
Haarlem,  1876.  8vo.— iDtemational  Exhibition,  Philadelphia,  1876; 
Special  Catalogue  of  the  Netherlands  section.  Amsterdam.  870. — Cata- 
logne  of  the  Collective  Exposition  of  the  Netherlands  Booksellers'  Asso- 
ciation. Amsterdam,  1876.  Svo.  Elementary  and  MiddleClassInstrnc- 
tioB  in  the  Netherlands.    Leyden,  1876.    Svo. 

From  the  New  South  Wales  Centennial  Commission,  Philadelphia : 
Letters  of  Begistration  of  laventioDS.  Vols.  i-iv.  Sydney,  1875. 
Polio. — Newspapers  published  in  New  South  Wales  in  1875,  8  folio  vol- 
umes.— Annual  report  of  the  Department  of  Mines  of  New  South  Wales, 
1875.  Sydney.  4to, — Mines  and  Mineral  Statistics  of  New  South  Wales. 
Sydney,  1875,  8vo. — Catalogue  of  the  Library  of  the  Mechanics'  School 
of  Arta,  Sydney.  8to. — Official  Catalogue  of  the  Natural  and  Industrial 
Products  of  New  South  Wales.  Sydney,  1876,  8vo.— New  South  Wales. 
By  Charles  Robinson.    Sydney,  1873.    Svo. 

From  the  South  Australia  Centennial  Commission,  Philadelphia :  Plan 
of  the  Bouthern  portion  of  the  Province  of  Sonth  Australia  as  divided 
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into  coaDties  and  hnndrecls,  abowing  agricultural  areas,  post-towns,  tele- 
graph-statioDB,  maia  roads,  and  railways ;  compiled  from  official  docu- 
meats.  1876.  Elephant  folio. — Flora  of  Sooth  Australia,  2  volumes. 
Folio. — Ferns  of  Australia,  31  sheets. 

From  the  Peruvian  Centennial  Commission,  Philadelphia:  El  Correo 
del  Peru.  i~v,  1871-1875.  Lima.  Folio.  (5  copies.]-£l  Boletin  Municipal. 
Vol.  i.  1874.  Lima.  4to. — Analea  ■Daiveraitarios  del  Peru.  Vols,  i-vii. 
Lima,  1862-1873 .  8vo. — Defensa  de  la  Antoridad  de  los  G-obiernos  y  de 
losObispos.  Vol8.i-vi.  Lima,  1849.  8vo. — DiccionariodelaLegislacion 
Pemana.  Vols,  i,  ii,  and  anppl.  Lima,  1860-1864.  4to. — Anales  de 
Onerpo  de  Ingeuieros  del  Pern,  i,  ii.  Lima,  1874.  4to. — Documentos 
Historicos  del  Peru.  i-vi.  Lima,  1863-1874.  8vo. — Documentos  Lite- 
rarios del  Peru.  i-vL  Lima,  1863-1874    8vo. — El  Peru.    Tomei.    Lima. 

1874.  4ta — Oompitacion  de  las  Vistas  Fiscales.  i,  ii.  Lima,  1873-1875 
4to, — Belaciones  de  los  Vireyes  y  Audlencias.  i-iii.  Lima,  1867-1872. 
8vo. — And  91  volumes  and  96  pamphleta.  Theology,  Ednoation,  &g. 

From  the  Argentine  Centennial  Commission,  Philadelphia :  Coleccion 
de  Obras  y  Documentos  sobre  el  Bio  de  la  Plata,  por  Pedro  de  Angelia. 
Vols.  i-vi.  Bnenos  Aites,  1836,  1837.  4to.— Anales  del  Museo  Pu- 
blico de  Buenos  Aires.  Vols,  i,  ii.  Buenos  Airea,  1864-1874.  Folio. — 
Oorreo  del  Domingo.  Vols,  i-viii.  Buenos  Aires,  1864-1867.  Polio. — 
Bevista  Argentina.  Vols,  i-xiii.  Buenos  Aires,  1868-1872.  8vo. — La 
Bevista  de  Buenoa  Airea.  Vols,  i-xxiv.  Buenoa  Airea,  1863-1871. 
8vo. — Bevista  del  Bio  de  la  Plata.    Vols.  i-x.    Buenos  Aires,  1871- 

1875.  8vo. — Bevista  Medico-Qainirgica.  Tomi  i-xi.  Buenos  Aires, 
1864-1875.  8vo. — Boletin  de  la  Exposicion  Xacional  de  Cordoba.  Vols, 
i-vii.  Buenos  Aires,  1869-1873.  8vo. — Bevista  del  Archive  General 
de  Buenoa  Airea.  Vols.  i-iv.  Buenoa  Aires,  1869-1872.  8vo. — Bole- 
tin  de  la  Academia  Nacional  de  Ciencias  Exactaa.  Tomo  i.  Buenos 
Aires,  1874.  8vo. — Anales  de  la  Sociedad  Bnral  Argentina.  Vols,  i- 
ix.  Buenoa  Aires,  1867-1875,  8vo. — Galeria  de  Celebtidades  Argen- 
tinas.  Bnenos  Aires,  1857.  Folio. — Las  Caballos  Fosiles  de  la  Pampa 
Argentina.  Buenoa  Aires,  1875.  Folio. — Enaeilanza  Publica  en  Bne- 
nos Aires.  1868.  Folio. — El  Plato  Illnstrado.  Vols,  i,  ii.  Buenos 
Airea.  1871, 1872.  Folio.— La  Plata  Monatsschrift.  Vols,  i-iii,  1873- 
1875.  Folio.— BegiatroEatadiaticodeBuenoaAirea.  1868-1873. Folio.— 
Goncordancias  y  Fundamentoa  del  Codigo  Civil  Argentine.  Vola,  i-xvi. 
Bnenos  Aires,  1873-1875.  Svo.— Begiatro  Nacional  de  la  Bepublica 
Argentina.  1851-1874  (18  vola.)  8vo.— Registro  Oflcial  de  Buenos 
Aires.  1821-1856.  Svo.  Htstoria  de  Belgrano,  por  Bartolom^  Mitre, 
i-iv.  Bnenos  Aires.  1858,  1859.  8vo.  And  97  volumes  and  62  pam- 
phleta, chiefly  government  documents. 

From  the  Queensland  Centennial  Commission,  Philadelphia:  Queena- 

land  Government  Gazette,  1874, 1875.    Brisbane.    Folio.    3  vols. — The 

Queensland  Statutes.    Vols,  i-iv  (2  copies).    Brisbane.    1874.    4to. — 

Queensland  Parliamentary  Debates.    Vols,  xvi,  xvii.    Brisbane.    1874, 
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8vo. — The  Queeaslaud Almanac,  1874.  Brisbaue.  -Svo.  2  copies. — Sta- 
tistics of  tbe  Colony  of  Qaeensland,  1870,  ]S71, 1872, 1873.  Brisbaue. 
4to. — Pnblic  Acconnts  of  Qneenaland,  1874.  Brisbane.  4to, — Qneens- 
land  Oarden  Manaal.  Brisbane.  1876.  Svo. — Catalogue  Queensland 
Exhibition.    Brisbane.    1875.    Svo.    6  copies. 

FromtheYenezuelan Centennial  Commission,  Pfailadelpbia :  32  quarto 
volnmes  of  government  documents. 

From  the  Portuguese  CeDtennial  Commission,  Philadelphia:  Bevista 
de  Obras  publicas  e  Minas,  Publica^^  Mensal  da  Associa9So  dos  En- 
genheiros  Civis  Portuguezes.  Vols.  i-vi.  Lisbon,  1870-1875.  Svo.— 
Geographia  e  Bstadistica  geral  de  Portugal  e  Oolonias,  por  GJerardo  A. 
Pery.  Lisbon,  1875.  Svo. — Pori:ngaese  Special  Catalogue  Interna- 
tional Exhibition,  1876.  Svo. — 3  sets  of  works  published  by  the  direc- 
tion of  geodetical  labors,  and  SO  pamphlets.  Annaes  de  Observatorio 
do  Infante  D.  Luiz.  Vols,  i-xii.  Lisboa,  1856-1874.  Folio.— Movi- 
mento  Commercial  de  Portugal.  Mappa  des  valores  importados  dos 
prodnctos  Chymicas,  Commas  e  Bezenaa,  Tabacos,  &c  (26  framed 
maps.)  Specimen  de  Fundi9ao  de  Typos  da  Imprensa  Kacional.  Lis- 
boa, 1S76.  4to. — Carta  Constitucional  da  Monarchia  Portngneza.  Lis- 
boa, 1S76.  4to. — Codigo  Commercial  de  Signaes  para  nso  InternaciODal. 
Lisboa,  1868.  Svo. — A  Delflna  do  Mai.  Poema  por  T.  Bibeiro. 
Lisboa,  1868.  Svo. — Didascalia  .^thiopam.  (Desumpta  ex  editione 
Londinensi  Thomse  Pell  Piatt,  1834.)  Svo. — Luiz  de  GamSes  Episodio 
de  Igoez  de  Castro.  Extrahido  do  Canto  Terceiro  do  Pcema  Epico  Las 
Luaiadas.  Lisboa,  1873.  4to. — Eecreio  Apollineo.  4to. — Caocioneiro 
d'Evosa  par  Y.  E.  Harding.    Liaboa,  1875.    Svo. 

From  the  Mexican  Centennial  Commisaiou,  Philadelphia:  Hiatoria 
ParliameatariadelOnartoGongresoCoDstitncionaI,porPautaleoDTovar. 
Vols,  i-iii,  Mexico,  1872-1874.  4to. — Diccionario  Geograflco  y  Eata- 
diatico  de  la  Bepublica  Mexicana.  Tola,  i-iii,  Mexico,  1874,  1S75. 
4to. — Memoria  de  Hacienda  y  Cr^dito  Publico,  1863-1875.  Mexico, 
4to. — Tratacto  de  Adminiatracion  y  Contabilidad  de  los  Candales  del 
Gobiemo  General,  por  Julio  Jimenez.  Mexico,  1868.  Folio. — Diccion- 
ario de  la  Legislacion  Mexicana.  Parta  1-64.  1868-1871,  Folio. — ^La 
Naturaleza,  Vola,  i-iii,  pts,  1-15.  Mexico,  1870-1875.  Eoy.  8vo.— La 
EnseSanza.  Vols,  i,  ii.  Mexico,  1872-1S74.  Folio.  And  73  volnmes  and 
133  pamphlets,  chiefly  government  documents. 

From  the  New  Zealand  Centennial  Commission,  Philadelphia :  Trans- 
actions and  Proceedings  of  the  New  Zealand  Inatitute.  Vols,  i— vii. 
Oydney,  1S6S-1875.  8vo.— Ceusns  of  New  Zealand,  1874.  Wellington, 
1875.  Folio.— Statistics  of  New  Zealand,  1874,  Wellington.  Folio.- 
History  of  the  Birda  of  New  Zealand,  by  W.  L.  Buller.  London,  1873. 
4to. — New  Zealand  Exhibition,  1865.  Beports  and  Awards.  Duaedin, 
1866,  8vo.— The  Official  Hand-Book  of  New  Zealand.  London,  1875. 
Svo.— Catalogue  of  Marine  MoUuaca  of  New  Zealand.  Wellington,  1873. 
8ro. — Oatalogne  of  Tertiary  MoIInsca  of  New  Zealand,     Wellington, 
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1873.  8to.— Meteorological  Report,  1868,  1870.  Wellington  8vo.— 
Fishes  of  New  Zealand.  Wellington,  1872.  8vo. — Catalogue  of  tlieBirda 
of  New  Zealand.  Wellington,  1871,  8vo. — Catalogue  ofthe  Ecbinoder- 
mata  of  New  Zealand.  Wellington,  1873.  8vo. — CatalogneofLand  Mol- 
Insca  of  New  Zealand.  Wellington,  1873.  8ro. — Critical  List  of  the  Mol- 
lusoa  of  Hew  Zealand.  Wellington,  1873.  8ro. — Fhormiam  Tenas  as 
a  Fibrous  Plant.  Wellington,  1873.  8vo.— Iteporta  of  Geological  Es- 
plorations  during  1870-'ri,  1871-'72.    Wellington,  1871, 1872.    8vo. 

From  the  Taemaniau  Centennial  Commiasion,  Philadelphia :  Journai 
of  the  House  of  Assembly,  with  appendices,  vols,  viii,  ix,  xii-xv,  xxii, 
xxvii-xxiz.  Hobart  Town,  1802-1875.  Folio.— Journals  of  the  Legisla- 
tive Coanoil  {with  papers).  Vols,  xix-xxii.  Hobart  Town,  1873-1875. 
Folio.— Statistics  of  the  Colony  of  Tasmania,  1873,  1874,  1875,  1876. 
Hobart  Town,  1874-1877.  Folio.— Welch's  Tasmanian  Guidebook. 
Hobart  Town,  1871.  8vo.  (2  copies). — Welch's  Tasmanian  Almauac, 
1866, 1867.  Hobart  Town.  8vo.  {2  copies).— Experience  of  Forty  Tears 
in  Tasmania,  by  Hugh  M.  Hull.  London,  1859.  12nio. — A  Descripl^ion 
of  the  Island  of  Tasmania.  Laanceston,  1876,  8vo. — Standing  Hnles 
and  Orders  of  the  Legislative  Coanoil,  1875, 12mo. — Map  of  Tasmania 
(3  copies). 

From  the  Victorian  Centennial  Commission,  Philadelphia :  Biograph- 
ical Charts  of  Italian  Painters  of  the  Schools  of  Bologna,  Florence, 
Sienna,  Kome,  and  Naples.  Compiled  by  direction  of  the  trustees  of  the 
Uelbonrne  public  library,  1870.  Vols,  i,  ii.  Elephant  folio. — Report  of 
the  proceedings  taken  under  the  provisions  of  the  Land  Act  of  1SC9 
daring  1873.  Melbonme.  4to. — Abstracts  of  Specifications  of  Patents. 
Metala.  1854-1866.  Melbonme,  1872.  4to.— Patents  and  Patentees. 
Indexes  for  the  years  1854^1873.  Vols,  i-viii.  Melbourne,  1868-1875. 
4to. — Hospitals  for  the  Insane,  Reports,  1870-1873,  Melbourne.  4to — ■ 
Melbourne  Public  Library.  Reports,  1870-1875.  4to. — Catalogues  of 
Fnblic  Library,  Supreme  Court,  and  National  Museum.  4  vols.  Mel- 
bonrna  4to.— -And  31  volumes  and  16  pamphlets,  miscellaneous. 

LABOBATORY. 

During  the  summer  the  laboratory  was  closed,  Dr.  Endlich,  the  min- 
eralogist of  the  Institution,  having  been  engaged  on  the  survey  under 
Dr.  Hayden.  Mr.  Fred.  W.  Taylor  of  this  city  occupied  the  laboratory 
for  some  time  in  the  autumn,  and  made  analyses  of  mineral  waters  and 
specimens  of  ores,  &c.,  which  had  been  sent  to  the  Institution  for  exam- 
ination. 

As  specimens  are  constantly  being  received  by  the  Institution  from 
all  parts  of  the  country,  with  the  request  that  a  report  be  made  as  to 
their  character  or  constituents,  it  may  be  well  to  call  attention  to  the 
rules  adopted  for  their  examination. 

1.  i^litatite  examinations,  that  is,  for  determining  the  constituents 
of  the  specimens,  are  made  without  charge. 
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2.  Quantitative  examinations,  or  the  determination  of  the  percentage 
of  the  different  components  of  the  specimens,  can  only  be  made  at  the 
expense  of  the  applicant ;  the  charge  to  he  in  proportion  to  the  time 
expended  iu  the  work,  e.  g,,  from  $5  to  $50,  according  to  whether  it  is 
partial  (determination  of  silver,  lead,  or  iron,  &c.,  only),  or  full  (deter- 
mination of  every  thing). 

3.  The  report  of  quantitative  examinations  will  be  given  under  the 
name  of  the  ea^rt  to  whom  the  specimen  shall  be  submitted,  and  not 
nnder  that  of  the  Smithsonian  Institution. 

4.  All  applications  for  the  determination  of  specimens  most  be  made 
by  letter,  addressed  "Secretary  of  the  Smithsonian  Institation." 

5.  The  specimens  examined,  or  part  of  tbem,  will  be  retained  by  the 
Institation. 

6.  All  specimens  to  be  delivered  to  the  Institution  free  of  expense. 

NATIONAL  MUSEUM. 

The  National  Museam  was  established  by  the  Government  in  1S42,  at 
which  time  it  consisted  principally  of  specimens  collected  by  the  Wilkes 
exploring  expedition.  It  was  transferred  from  the  Patent  OfSce  to  tbe 
care  of  the  Smithsonian  Institation  in  1858,  where  it  has  been  enlarged 
by  all  the  collections  made  by  exploring  and  snrveying  parties  of  the 
several  bureans  of  the  War,  Navy,  Treasury,  and  Interior  Departments, 
and  those  of  the  Smithsonian  Institation, 

The  following  report  from  Professor  Spencer  F.  Balrd,  assistant  sec- 
retary, gives  an  account  of  the  additions  to  the  moseam  and  the  various 
operations  connected  with  it  daring  the  year  1877: 

BEPOBT  OF  FBOF.  SFEIfCEB  F.  BAIBD  GIT  THE  UUSEmL 

Increase  of  the  Museum. — It  was  hardly  to  be  expected  that  the  addi< 
tions  to  the  National  Museum  in  1S77  should  compare  with  those  of 
1875  and  1876,  Incladiag,  as  they  did,  the  results  of  large  expenditures 
for  the  porpose  of  making  a  suitable  exhibit  at  the  International  Exhibi- 
tion of  1876  of  the  etbnologyandof  the  resources  of  the  United  States,  as 
derived  from  the  animal  and  mineral  kingdoms,  with  their  accessories. 
The  reductloQ  in  the  yield,  however,  proves  to  be  much  less  marked 
than  was  anticipated;  and  the  aggregate  of  receipts  has  been  far  be- 
yond that  of  any  previous  year,  with  the  exception  of  those  mentioned. 
The  number  of  donors  was  343,  of  donations  4S9,  and  of  separate  pack- 
ages 815. 

As  heretofore,  the  additions  to  the  Museam  consisted  of  five  classes : 
First,  those  supplied  by  the  difi'erent  government  expeditions,  in  accord- 
ance with  the  law  of  Congress.  Second,  the  donations  from  private 
individuals,  made  either  spontaneously,  or  in  response  to  special  invita- 
tions and  requests.  Third,  the  results  of  exchanges,  prosecuted  with 
various  establishments  or  individuals  at  home  and  abroad.    A  fourth 
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8onrce  of  eiipplji  is  from  explorations  made  at  the  expense  of  the  Smith- 
soDian  InstitatioD.  A  fifth  soaroe  of  lucrease  Is  from  purchase,  which, 
however,  is  very  insigoificant,  and  is  principally  oonSued  to  specimens 
of  animals  obtained  in  market  or  occasionally  a  single  ethnological  imple^ 
ment,  offered  nnder  specially  favorable  circumstances.  It  is  in  this  that 
the  National  Mnseam  differs  most  from  establishments  of  its  grade 
throaghout  the  world,  which  depend  verylargely  npon  purchases  to  secare 
desired  materials.  Here,  on  the  contrary,  the  space  and  force  at  com- 
mand are  all  fally  required  to  receive  and  care  for  the  collections  that 
are  continually  arriving  from  the  sources  referred  to. 

In  view  of  the  limited  accommodations  for  the  collections  and  of  the 
small  appropriations  for  their  maintenance,  the  special  efforts  toward 
the  extension  of  the  N'ational  Museum  have  lieen  restricted,  for  the  most 
part,  to  Iforth  America  and  to  the  most  interesting  subject  of  research 
at  the  present  day,  that  of  American  anthropology.  Every  possible  ef- 
fort has  been  made  to  invite  contr  ibutions  of  facts  and  materials  on  this 
subject,  and  with  very  gratifying  soccess.  The  Intention  of  the  Smith- 
sonian Institution  to  publish,  whenever  the  proper  means  can  be  obtained, 
an  exhaustive  treatise  on  American  archeology,  with  suitable  illustra- 
tions, has  invoked  the  co-operation  of  many  persons  who  desire  to  see  snch 
an  end  accomplished ;  and  especially  as  the  Institution  proposes  to  give, 
under  each  group,  an  enumeration  of  the  principal  articles  received, 
arranged  by  localities  and  donors. 

Few  portions  of  the  country  have  been  without  representation  in  the 
ethnological  donations  of  the  year ;  although  certain  regions  have  been 
more  prolificthan  others.  The  largest  additions  from  any  one  source  have 
resulted  from  the  continued  explorations  of  Bev.  Btepben  Bowers  on  the 
main-land  in  the  rioiuity  of  Santa  Barbara,  and  on  tJie  adjacent  islands 
of  Southern  California;  over  forty  boxes  of  material  having  bees 
supplied  by  him  alone.  This  exploration  was  made  nnder  the  auspioes 
of  Maj.  J,  W.  Powell,  with  the  co-operation  of  the  Smithsonian  Instita. 
tion.  An  exhaustive  report  on  the  subject  will  be  published  by  Major 
Powell,  the  collections  themselves  becoming  the  property  of  the  Kational 
Museum. 

With  the  material  heretofore  gathered  in  the  same  region,  by  Mr.  W.G. 
W.  Harford,  Mr.  W.  H.  Dall,  Mr,  Paul  Schumacher,  and  Mr.  Bowers  him- 
self, it  is  believed  there  can"  never  be  a  better  representation  of  the 
arch£Bology  of  the  tribes  of  the  California  coast  than  that  now  in  Wash- 
ington. This  embraces  a  great  variety  of  objects  of  stone,  bone,  shell, 
and  wood,  representing  applications  of  these  substances  far  in  advance 
of  those  of  any  other  aboriginal  tribes,  excepting  those  of  the  northwest 
coast. 

The  large  collections  of  similar  character,  made  by  Mr.  Bowers,  in 
1875,  in  behalf  of  Lieutenant  Wheeler's  survey,  have  also  been  trans- 
ferred, in  part,  by  that  ofQce,  to  the  Museum. 

From  Mr,  Lucien  M.  Turner,  late  meteorological  observer  of  the  signfd- 
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office,  at  Saint  Michaels,  Alaska,  there  has  been  received  a  contina- 
atioQ  of  his  extremely  important  colleotiona  of  objects  manafactored 
and  nsed  by  the  Esqaimaax  of  Alaska,  This  collection  is  especially 
rich  in  carvings  on  bone  and  walrus  ivory,  representing  scenes  and  iti~ 
cidenta  in  the  life  of  that  people. 

The  luatitation  is  indebted  to  Mr.  F.  Hirst,  of  Bridger  Station,  for  many 
interesting  articles  from  the  Rocky  Moantain  region,  principally  stono 
implements  of  varions  kinds. 

Professor  Hayden  has  presented  a  full  series  of  models  of  the  ancient 
mins  in  Kew  Mexico  and  Colorado,  together  with  restorations  showing 
what  was  probably  their  original  character.  These  have  attracted 
mncb  attention,  and  the  promised  continuation  of  the  series  affords  mnch 
satisfaction. 

Mr.  Frank  H.  Gushing,  assisteJ  by  Mr.  Henry  J.  Biddle,  of  Philadel- 
phia, visited  a  cave  near  Hagerstown,  Md.,  and  obtained  many  relics  of 
the  aboriginal  people  who  formerly  inhabited  that  vicinity.  Kamerons 
implements  of  stone  and  bone,  articles  of  pottery,  and  fragments  of  the 
remains  of  aboriginal  feasts,  &c.,  were  collected  and  are  now  in  process 
of  carefal  investigation. 

The  most  Important  yields  from  the  shell-heaps  of  the  United  States 
were  obtained  from  the  sbellmounds  of  Mobile,  by  Colonel  Gaines  and 
Mr.  K.  M.  Cnnningham,  of  that  city.  These  consist  of  numerons  articles 
of  pottery,  some  of  them  quite  peculiar  iu  form,  and  of  a  material  and 
ornamentation  constituting  almost  a  distinct  class  in  aboriginal  ceramics. 
With  these  were  also  various  articles  of  bone,  stone,  &c.,  the  whole  making 
one  of  the  most  important  contributions  of  the  kind  yet  secured  by  the 
National  Museum. 

From  numerons  localities  in  the  interior  have  been  received  single 
specimens  or  collections,  partly  from  moands,  partly  &om  graves,  and 
partly  from  the  superficial  soil.  These  will  be  referred  to  in  more  detail 
in  the  list  of  donations.  Among  the  more  noteworthy  are  those  presented 
by  Colonel  McAdoo  and  Mr.  McKinley,  from  Georgia ;  Mr.  Perriue, 
from  Illinois  J  Mr.  Erodnax  and  Dr.  James,  from  Arkansas ;  Mr.  lUigg 
and  Mr.  Berlin,  from  Pennsylvania,  and  others. 

A  great  many  possessors  ofrare  and  curious  objects,  indisposed  to  part 
with  them  permanently,  have  freely  lent  them  to  the  Institution,  for  the 
purpose  of  having  copies  made,  and  several  persons  have  been  occupied 
during  a  great  part  of  the  year  in  making  plaster  casts  and  in  painting 
them  from  the  originals  before  their  return. 

A  collection  of  implements  received  from  Mr.  Berlin,  of  Beading,  is 
of  pecoliar  interest  as  representing,  iu  all  probability,  the  same  palieo- 
litbic  epoch  as  that  which  Dr.  Abbott  has  so  ably  discussed  in  his  paper 
on  the  Antiquities  of  New  Jersey,  published  in  the  Report  of  the  Smith- 
Bonian  Institution  for  lS7a. 

A  most  valuable  addition  to  the  ethnological  collection  consisted  of  a 
series  of  casts  of  the  beads  and  feces  of  sixty-four  Indians,  held  as  pris- 
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oners  of  war  at  Saint  Augustine,  in  Florida,  under  the  charge  of  the 
War  Department.  Tliese  were  prepared  duriug  the  summer  by  Mr. 
Olark  Mills,  the  well-known  sculptor,  of  Washington,  who  visited  Saiut 
Aagastine  for  the  purpose.  It  is  generally  difficult  to  indnce  an  Indian 
to  submit  to  the  discomfort  and  apparent  danger  of  the  treatment  re- 
quired in  taking  face  casts,  hut  these  prisoners  were  easily  persuaded 
by  Captain  Pratt,  United  States  Infantry,  who  has  them  iu  special 
charge,  to  allow  the  operation,  and  Mr.  Mills  was  extremely  successful 
in  the  work.  In  addition  to  the  heads,  a  number  of  separate  castsof  arms, 
legs,  and  busta  were  taken,  thus  furnishing  a  rare  opportanity  for  study- 
ing  the  anatomy  of  the  Indian.  The  tribes  represented  are  the  Kiowas, 
Comanches,  Arapahoes,  &c.  This  collection  furnishes  not  only  the 
means  of  studying  the  lineaments  of  the  Korth  American  Indian,  but 
also  answers  the  pnrpose  of  models  for  lay  figures  on  which  to  place  the 
many  suits  of  Indian  clothing  in  possession  of  the  Museum. 

Extremely  important  additions  have  been  received  from  several  of 
the  West  India  islands  during  the  year,  some  of  them  unique  and  pre- 
vioESly  more  or  less  unknown.  Reference  has  been  made  in  previous 
reports  to  the  extremely  rich  collection  of  stone  implements  bequeathed 
to  the  National  Museum  by  Mr,  George  Latimer,  and  of  which  an  illus- 
trated account  by  Professor  Mason  is  published  In  the  Smithsonian  Ee. 
port  for  1876.  Among  articles  of  West  Indian  archieology  received  in 
1877  are  several  wooden  stools  of  peculiar  shapes,  highly  ornamented 
and  carved,  presented  by  Dr.  William  M.  Gabb  and  Mr.  Frith ;  some 
wooden  idols  of  large  size  and  complex  shape,  also  from  Dr.  Gabh ;  a 
stone  celt,  with  the  handle  and  catting  portion  in  one  piece,  from  Mr. 
George  J.  Gibbs;  a  stone  celt  inserted  in  its  original  handle,  by  Mr. 
Murphy,  and  a  number  of  specimens  of  somewhat  similar  character, 
belonging  to  the  public  library  of  I^assau,  and  lent  for  the  purpose  of 
being  figured  and  copied.  Some  collections  of  a  similar  character  made 
by  Mr.  Frederick  A.  Ober  in  Dominica,  Antigua,  and  elsewhere,  have 
not  yet  come  to  hand. 

Other  extra-limital  collections  received  have  been  a  series  of  very  in- 
teresting articles  of  obsidian  and  stone  from  the  N'ational  Museum  of 
Mexico,  and  some  ancient  Japanese  stone  implements  from  the  Tokio 
Museum  in  Japan. 

Of  mammals  quite  a  number  of  specimens  have  been  received,  the 
most  striking  of  them  being  a  pair  each  of  the  blue  and  white  foxes  of 
Saint  Paul's  Island,  Alaska,  from  the  Alaska  Commercial  Company; 
theskinof  a  cinnamon  bear,  from  Mr.  F.O.  Mattesou;  skins  of  antarctic 
seals,  from  Captain  Fuller;  and  a  skeleton  of  a  porpoise  of  the  genus 
Tursiops,  new  to  the  Museum,  from  Mr.  Alfred  K.  Lawrence ;  two  skel- 
etons of  the  grampus,  from  Mr.  Small,  of  Provincetown ;  alcoholic  speci- 
mens of  Platypus  and  Echidna  from  Tasmania,  &c. 

The  collections  of  birds  and  their  eggs  received  during  the  year  have 
been  quite  abnndant,  the  most  noteworthy  among  them  being  a  spec!- 
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men  of  the  everglade  kite  of  Florida,  from  Mr,  George  A.  Boardman. 
Dr.  James  G.  Merrill,  assiBtaat  surgeoD,  Uniteil  States  Army,  has  con- 
tributed a  large  collectioo  of  birds  aad  eggs  from  the  Lower  Rio  Grande, 
sereral  of  tbem  new  to  science,  and  others  not  previously  known  within 
the  limits  of  the  United  States.  Mr.  Lucien  M.  Turner  and  Mr.  Nelson, 
of  the  United  States  Signal  Service,  stationed  at  Saint  Michaels,  in 
Alaska,  have  also  sent  in  large  nnmbers  of  the  birds  of  Alaska,  includ- 
ing many  very  rare  skins. 

A  series  of  the  birds  of  Southern  Illinois  has  been  received  from  Mr. 
Robert  Eidgway.  Colonel  Brackett  and  Mr.  Hirst  have  furnished  some 
valaable  specimens  of  birds  and  eggs  from  Wyoming.  From  Lieaten- 
ant  Wheeler  and  Dr.  Hayden  have  also  been  received  large  numbers  of 
specimens  collected  in  the  course  of  their  respective  surveys. 

The  National  Museum  of  Mexico  has  supplied  a  large  number  of  species 
from  that  country,  several  of  them  not  before  in  the  collection. 

Perhaps  the  most  important  contribution  of  birds  is  that  received  from 
Frederick  A.  Ober,  as  the  result  of  the  exploration  he  is  now  making 
in  the  West  Indies  under  the  direction  of  the  Smithsonian  Institution. 
These  were  principally  obtained  from  the  island  of  Dominica,  and  con- 
stitute by  far  the  largest  series  ever  gathered  in  that  island,  several  rep- 
resenting new  species  and  others  previously  lacking  in  the  Museam, 
Mr.  Ober  is  still  in  the  field,  and  additional  contributions  from  the  other 
West  India  islands  are  expected. 

Tbe  collections  of  reptiles  have  consisted  in  large  part  of  the  speci- 
mens obtained  under  tbe  direction  of  Lieutenant  Wheeler  and  Professor 
Hayden,  and  transmitted  by  those  ofBcers.  The  other  additions  have 
consisted  principally  of  turtles  and  snakes,  forwarded  at  the  express  re- 
quest of  the  Institation,  to  serve  as  models  in  the  series  of  plaster  casts 
now  in  preparation  for  the  Museum.  The  more  important  contributors 
in  this  line  are  Mr.  S.  N.  Ferguson,  of  the  large  alligator  snapper  of  tbe 
Lower  Mississippi ;  Mr.  Kohn,  of  the  turtles  in  the  vicinity  of  New 
Orleans  j  Dr.  Merrill,  of  those  from  the  Rio  Grande;  Mr.  Bichard,  of 
those  from  Pennsylvania,  &c. 

A  very  large  living  diamond  rattlesnake  was  obtained  through  the 
assistance  oC  Mr.  Way,  of  Sanford,  Fla.;  and  Mr.  Frank  W.  Heyward, 
of  South  Carolina,  supplied  a  number  of  living  specimens  of  Siren. 

Of  fishes  the  collections  have  been  very  large,  embracing,  of  coarse, 
those  gathered  by  the  United  States  Fish  Commission  during  its  labors 
indifferent  portions  of  the  country.  The  summer's  work  of  the  Commis- 
sion was  prosecuted  on  the  coasts  of  Massachusetts  and  of  Nova  Scotia, 
and  in  theintermediat6sea8,extendingoverthemonth8of  July,  August, 
and  September.  Quite  a  number  of  fishes  not  previously  described  in 
the  fauna  of  the  country  were  obtained.  Many  species  in  large  quan- 
tities were  gathered  to  serve  the  purposes  of  distribation  to  mnsenms  of 
the  nnit«d  States. 

The  collections  of  marine  invertebrates,  gathered  under  the  same  ana- 
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pices,  are  alao  very  large.  Other  collections  made  by  the  commission 
consisted  of  series  of  the  fresb-water  flahea  of  the  Columbia  and  Clack* 
amas  rivers  of  Oregon,  and  the  McClond  Kiver  of  California,  gathered 
by  Mr.  Livingaton  Stone;  of  landlocked  salmon  and  other  fishea  of 
Grand  Lake  Stream,  Maine,  by  Mr.  Charles  G.  Atkins;  and  a  great 
variety  of  sea-fishes  from  Wood's  Hole,  Massachasetts,  by  Mr.  Vinal  N. 
Edwards,  and  of  the  Saint  John's  Biver,  Florida,  by  Mesara.  Baird  and 
Milner. 

A  large  number  of  the  stomachs  of  mackerel,  collected  by  Gapt.  H.  G. 
Chester,  furnished  the  means  of  solving  an  important  problem  in  regard 
to  the  food  of  that  fish.  GoUectiona  were  also  made  at  various  points 
by  Mr.  Milner  and  his  assistants  of  the  Commission.  Mr.  Samael  Powel, 
of  Newport,  who  baa  been  engaged  for  several  years  in  collecting  the 
fishes  of  his  vicinity,  has  added  many  specimens  to  those  already  pre- 
sented by  bim  to  the  mnsenm,  and  furnished  macb  information  in 
regard  to  the  geographical  distribation  of  species. 

Captain  Halbert,  who  was  engaged  as  pilot  on  the  Speedwell  daring 
her  aammer'a  crniae,  obtained  and  transmitted  a  new  species  of  chi- 
mera, which  is  now  named  C.  ptumbea  by  Professor  Gill.  This  was 
taken  on  a  halibut  line,  at  a  depth  of  several  handred  fathoms,  off  the 
coast  of  Kova  Scotia. 

Mr.  E.  G.  Blackford,  the  well-known  fiah-dealer  of  Fnltou  Market, 
Kew  York,  has  continued  his  valuable  contributions,  that  have  now  ex- 
tended over  a  number  of  years,  aecariug  and  supplying  to  the  museam 
all  the  rarer  and  more  remarkable  fishes  received  by  the  New  York 
dealers.  A  large  number  of  specimens  have  been  sent  by  him,  as  enu- 
merated in  the  list  of  donations,  and  furnishing  a  continued  illustration 
of  that  pnblic  spirit,  liberality,  and  disinterestedness  for  which  we  are 
happy  to  make  a  public  acknowledgment. 

Many  specimens  of  various  food-fishes,  as  salmon,  trout,  whitefish, 
and  the  like,  have  been  sent  by  different  contributors  for  the  purpose  of 
meeting  an  expressed  want  or  of  securing  identification. 

A  very  interesting  series  of  contributions  during  the  year  has  con- 
sisted of  specimens  showing  tiie  success  of  the  various  eftorts  made  un- 
der the  direction  of  the  United  States  Fish  Commission  for  the  propa- 
gation of  food-fisbes  and  their  introduction  into  new  waters.  Among 
these  may  be  mentioned  a  full-grown,  trne  shad  caught  in  the  Ohio 
River  at  Lonisville,  being  one  of  six  hundred  taken  during  the  summer 
under  similar  circumstances.  These  were  probably  derived  from  the 
stock  iutrodaced  four  years  previously  as  young  fish  into  the  Allegheny 
Kiver  iu  Western  New  York.  This  was  presented  by  the  fish  commia- 
sioners  of  Kentucky  through  Mr.  Pack  Thomas. 

A  shad,  also  the  result  of  the  transfer  of  yonng  fish  to  California  sev- 
eral years  ago  from  the  East,  was  furnished  by  Mr.  Bassett,  through  Mr. 
B.  B.  Bedding.  The  latter  gentleman  also  supplied  several  specimens 
of  the  food-fishes  of  the  Sandwich  Islands,  of  which  living  specimens 
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bad  been  trausmittedtotbe  commissioDers  of  Oaliforuia  for  introduction 
into  that  State. 

A  salmon,  of  aboat  twelve  pouDds  weight,  caught  in  the  Delaware 
River,  at  Easton,  ia  October,  was  supplied  by  Mr.  Howard  J.  Eeeder, 
fish  commissiouer  of  FennsylvaDia,  This  was  supposed  to  have  been 
derived  from  a  stock  introduced  into  the  river  ia  1873. 

Many  other  equally  interesting  cases  will  be  found  referred  to  in  the 
list  of  douations,  and  more  especially  ia  the  report  of  the  T7aited  States 
Fish  Commissioner  for  1877. 

A  flDely-stnffed  skin  of  the  adult  Ontario  salmon  was  presented  by  Mr. 
Samuel  Wilmot,  of  the  Canadian  fishery  department,  at  New  Castle, 
Ontario.  This  was  a  female,  and  especially  interesting  as  having  fur- 
nished a  quota  of  eggs  during  three  successive  seasons. 

In  consequence  of  an  extended  exploration  of  the  rivers  of  Georgia, 
the  Carolinas,  &c.,  prosecuted  by  Prof.  B.  S.  Jordan,  during  the  last 
summer,  in  part  nnder  the  auspices  of  the  United  States  Fisb  Commis- 
sion, large  numbers  of  species  of  fish,  several  of  them  previously  nn- 
described,  were  collected,  and  a  series  transmitted  by  Mr.  Jordan. 

Collections  of  the  fishes  of  the  Great  Basin,  and  of  the  coast  of  Cali- 
fornia, were  received  from  Lieutenant  Wheeler,  as  the  result  of  his 
gatherings  in  past  years. 

Of  extralimital  species,  the  most  important  collection  of  fishes  was 
one  received  from  Mr.  G.  Brown  Goode,  assistant  curator  of  the  National 
IMuseum,  gathered  by  bim  during  the  past  winter  in  Bermuda.  Some 
species  from  the  vicinity  of  the  Kergnelen  Islands  were  presented  by 
Captain  Fuller. 

Of  marine  invertebrates,  the  principal  collections  were  those  made  by 
the  United  States  Fish  Commissioner.  Some  of  great  interest  were 
obtained  from  Col.  E.  Jewett,  of  Santa  Barbara,  Mr.  James  G.  Swan,  in 
Washington  Territory,  and  others. 

The  collections  of  plants  were  not  veiy  extensive ;  the  most  important, 
however,  were  furnished  by  Lieutenant  Wheeler.  A  valuable  contribn- 
tion  consisted  of  a  series  of  specimens  of  Japanese  woods,  representing 
fifty  species,  and  presented  by  tbe  Tokio  Museum  of  Japan.  These, 
taken  in  connection  with  fifty  other  species  received  by  the  Smithsonian 
Institution  from  the  Japanese  commission  at  the  Centennial  Exhibition, 
complete  the  aeries  of  woods  of  Japan. 

Fossil  remains  of  more  or  less  rarity  and  interest  are  represented  by 
a  collection  of  the  Black  Hills  fossils,  gathered  by  Prof.  Henry  Newton, 
whose  nntimely  death  science  has  reason  to  deplore.  To  this  is  to  be 
added  a  series  from  Illinois,  collected  by  Mr.  George  Spangler. 

Xumerons  collections  of  minerals  have  been  added  to  the  museum ; 
but,  for  the  most  part,  necessarily  stored  with  the  other  accumulations 
for  the  want  of  a  proper  opportunity  of  exhibition.  The  most  important 
of  these  consists  of  a  collection  illustrating  the  iron  and  steel  manafac- 
tures  of  Sweden.     This  constituted  the  exhibit  of  that  government  at 
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the  exbibitioD  at  Yienna,  ia  1873.  It  was  presented  by  the  commis- 
sioner, Mr.  Dannfeldt,  to  the  Philadelphia  Oeateonial  Oommission,  bat 
was  not  exhibited,  having  been  stored  in  Philadelphia  until  the  past 
snmmer,  when  it  was  presented  by  the  Centennial  Board  of  Finance  to 
the  United  States. 

This  exhibit  was  gaite  eqaal  in  valae  to  that  displayed  by  Sweden  at 
Philadeiphia,  and  which  became  the  property  of  the  Institute  of  Mining 
Engineers.  The  collection,  amoanting  to  about  fifteen  tons  in  weight, 
was  carefully  packed  under  the  supervision  of  Mr.  Thomas  Donaldson, 
and  forwarded  to  the  Institution. 

Messrs.  Donn  &  Brothers,  of  Philadelphia,  pl^eented  three  boxes  of 
China  clay  from  an  establishment  in  England,  of  which  they  are  the 
agents. 

Sarveyors-General  Wasson  and  Hardenbnrg  have  continued  their  con< 
tribntions  of  specimens  illustrating  the  character  of  the  ores  in  newly- 
discovered  mining  regions  in  Arizona,  &c.  Mr.  0.  W.  Derry  presented 
a  collection  of  silver  ores  from  the  J.  D.  Dana  Mine  in  Colorado.  Mr. 
Seynolds,  the  United  States  minister  to  Bolivia,  baa  transmitted  a  series 
of  copper  ores  of  that  coantry,  and  a  large  number  of  single  specimens 
have  been  received,  sent  in  for  the  purpose  of  identification. 

It  will  be  seen,  &om  the  preceding  enumeration  and  from  the  list  of 
donations,  that  the  collections  are  of  varying  magnltnde,  some  being 
exhaustive  and  covering  all  branches  of  natural  history,  others  limited 
to  a  single  department  and  sometimes  to  a  single  specimen.  All  these, 
however,  find  their  plaee,  a  single  object  sometimes  being  more  valnable 
than  a  large  collection  in  supplying  an  important  gap. 

The  most  important  sources  of  supply,  as  will  be  understood  from  what 
has  already  been  said,  have  been  the  several  government  expeditious, 
particularly  those  of  Lieatenant  Wheeler  and  of  Major  Powell ;  the 
articles  of  general  and  natural  history  aud  ethnology  obtained  from  these 
two  officers  being  of  very  great  magnitude  and  value. 

The  thanks  of  the  Institution  are  due  for  1877,  as  in  previoas  years, 
to  the  Alaska  Commercial  Company,  for  disinterested  and  important 
services  in  acting  as  its  agent  in  recdving  and  forwarding  specimens 
and  supplies  transmitted  between  the  Smithsonian  Institution  and  its 
correspondents  on  or  near  the  Pacific  coast  of  North  America  and  Asiaj 
in  giving  free  transportation  oh  its  vessels  to  their  correspondents  and 
their  equipment  and  collections,  as  well  as  subsistence  and  quarters  at 
its  stations;  in  supplying  objects  of  natural  history,  valuable  in  a  scien- 
tific point  of  view  as  well  as  commercially;  and  in  every  possible  way 
giving  to  the  Smithsonian  Institution  the  benefit  of  its  orgauization  and 
opportunities  in  the  most  liberal  manner,  and,  in  ail  oases,  without  any 
charge  beyond  that  required  for  the  reimbursement  of  moneys  actually 
paid. 

The  United  States  Signal  Service,  nnder  General  Myer,  has  taken 
part,  with  its  usual  liberality,  in  the  eSbrts  of  the  Institution  to  in- 
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crease  the  knowledge  of  the  natural  history  of  North  America,  by  allow- 
ing it  to  nomiuate  observers  at  several  of  its  Northwestern  posts,  who 
possessed  the  necessary  in  terest  and  skill  to  make  collections  and  obser- 
vations. Noteworthy  among  these  are  Mr.  Lucien  M.  Turner,  for  several 
years  stationed  at  Saint  Michaels,  in  Alaska,  and  his  successor  at  that 
post,  Mr.  E.  W.  Nelson. 

Single  collections  have  been  received  from  time  to  time  from  otlier 
observers  in  the  service.  Beference  has  been  made  to  Dr.  J.  C.  Merrill, 
of  the  United  States  Army,  who  made  collections  on  the  Lower  Rio 
Grande,  in  the  vicinity  of  Brownsville.  This  gentleman  has  enabled  us 
in  great  measure  to  complete  the  work  began  years  ago  by  Dr.  Berlan- 
dier,  and  contiuaed  by  Lieut.  D.  N.  Conch,  Geu.  Stewart  Van  Vliet, 
Mr.  J.  n.  Clark,  Mr.  Arthur  Schott,  and  other  members  of  the  Mexican 
Boundary  Survey.  Although  but  a  short  time  resident  at  Fort  Brown, 
Dr.  Merrill  has  already  made  a  great  many  important  additions  to  the 
known  fanna  of  that  region,  .  In  this  he  has  been  aided  by  Mr.  Qeorge 
B.  Sennett,  of  Erie,  Pa.,  who  has  also  rendered  valuable  service  to 
science. 

To  Mr.  F.  Hirst,  of  Bridger  Station,  Wyo.,  we  owe  many  important 
contributions  of  birds,  eggs,  ethnological  specimens,  &o.  Col.  A.  G- 
Brackett,  U.  S.  A.,  also  stationed  in  Wyoming,  has  likewise  been  a 
valued  contributor. 

Mr.  Livingston  Stone  has  added  greatly  to  our  knowledge  of  the  fishes 
aud  ethnology  of  Oregon  and  California,  by  his  collections  in  connection 
with  the  operations  of  the  United  States  Fish  Commission. 

Lieutenant  Wittich  has  also  contributed  toward  the  same  end  in 
Oregon.  Mr.  James  G.  Swan,  for  many  years  a  collaborator  of  the  In- 
stitution, and  who,  in  1875  and  1876,  transmitted  such  extensive  collec- 
tions of  ethnologica  for  the  Centennial  Exhibition  of  the  Indian  Bureau, 
has  also  made  large  contributions  of  varions  objects,  during  the  year, 
from  Puget  Sound. 

The  sea-coast  has  been  well  explored  by  the  United  States  Fish  Com- 
mission on  the  coasts  of  Massachosetts  and  Nova  Scotia,  while  the  fishes 
of  Narragansett  Bay  and  vicinity  have  been  investigated  by  Mr.  Sam- 
uel Powei,  of  Newport. 

The  collectio  ns  of  birds  and  ethnologica  from  the  National  Museum  of 
Mexico  have  been  already  adverted  to,  and  relations  have  been  estab- 
lished between  the  national  museums  of  the  two  countries,  which  we 
hope  will  tend  to  their  mutual  benefit. 

The  residence  of  Mr.  G.  Brown  Goode  in  Bermuda  during  the  winter 
of  1876,  has  been  productive  of  very  desirable  results ;  full  series  of  the 
fishes,  invertebrates,  corals,  &c,,  having  been  gathered. 

The  attention  of  the  Smithsonian  Institution  has  for  many  years  been 
directed  toward  a  thorough  investigation  of  the  natural  history  anil 
ethnology  of  the  West  India  Islands,  and  extensive  explorations  and 
collections  have  been  effected  throngh  its  agency  in  past  years,  in 
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the  Babamas,  Jamaica,  Cuba,  Hayti,  St.  Domingo,  Porto  Bico,  St. 
ThomaS)  Santa  Cruz,  and  Antigua ;  thus  covering  very  largely  the  west- 
ern portions  of  the  group,  or  the  Greater  and  Leaaer  Antilles. 

For  the  purpose  of  obtaining  at  least  a  general  idea  of  the  other 
islands  more  eastward,  and  of  having  them  represented  in  the  National 
Masenm,tbeSmith80uiaa  Institution,  iu  the  fall  of  1S76,  made  au  engage- 
ment with  Mr.  Frederick  A.  Ober  to  proceed  to  that  region,  and,  if  pos- 
sible, visit  every  island,  large  and  small,  occupying  several  years  in  the 
labor.  The  islands  of  Dominica,  St.  Vincent,  Barbada,  Antigna,  &C., 
have  been  explored  by  Mr.  Ober  np  to  the  present  date. 

The  subjects  to  which  his  attention  was  especially  called  were  the 
arcbseology  and  ethnology  of  the  islands,  and  their  vertebrat«  animals. 
He  has  succeeded  in  finding  remnants  of  the  ancient  Carib  tribes, 
especially  in  Dominica,  and  has  obtained  numeroas  photographs  of  the 
people  and  specimens  illustrative  of  their  haudiwork.  His  collections 
of  birds  have  also  been  very  extensive,  embracing  several  nndescribed 
species,  and  others  of  great  rarity,  or  not  previously  represented  in  the 
National  Museum. 

Beference  has  been  made,  in  previous  reports,  to  the  large  collections 
made  at  the  Kerguelen  Islands  by  Dr.  J.  H.  Kidder,  while  connected 
with  the  Transit  of  Venus  Expedition.  Some  important  deficiencies  of 
specimens,  however,  not  procurable  during  Dr.  Kidder's  visit,  have  been 
obtained,  at  bis  request,  by  Captain  Fuller,  of  the  merchant  service, 
and  presented  to  the  Institution. 

Scientifio  investigation  of  the  collections. — As  in  previous  years,  the 
collections  of  the  Kational  Museum  have  been  freely  intmsted  to  com- 
peteut  naturalists  for  investigation  and  description;  and  much  has 
been  accomplished  toward  their  proper  classification  and  identification. 
Specimens  of  certain  groups  of  mammals  have  been  intmsted  to  Dr. 
Elliot  Coues,  of  the  United  States  Army,  and  Mr.  J.  A.  Allen,  of  Cam- 
bridge, who  are  preparing  a  series  of  monographs  for  publication,  nnder 
the  direction  of  Dr.  Hayden.  A  magnificent  quarto  by  these  two  gen- 
tlemen, forming  volume  xi  of  the  Eeports  of  the  Government  Surveys 
of  the  Territories,  and  occupying  1109  pages,  is  devoted  exclusively  to 
the  Bodentia,  the  materials  derived  almost  entirely  from  the  National 
Museum. 

Other  important  monographs  on  the  fur-bearing  animals  and  ou  the 
insectivora  have  been  likewise  prepared  by  them. 

The  birds  of  America  outside  of  the  United  States,  and  those  of  the 
West  Indies,  have  been  p  laced  in  the  hands  of  Mr.  George  N.  Lawrence 
who  has  published  a  number  of  papers  upon  them,  describing  several 
newspecies,  principally  from  the  collections  of  Mr.  Ober  and  of  Mr.  Brace, 
of  Nassau.  Mr.  Bidgway,  the  assistant  in  charge  of  the  department  of 
ornithology  in  the  museum,  has  made  investigations  into  tbe  scientific 
relations  of  the  raptores,  the  herons,  &c.,  and  published  several  mono' 
graphs. 
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The  reptiles  have  been  placed  in  the  hands  of  Prof.  E.  D.  Cope  for 
investigation.  ■ 

The  fishes  have  been  elaborated  by  Prof.  Theodore  Oill^  Mr.  G.  Brown 
Goode,  Dr.  T.  H.  Bean,  and  Professor  Jordan.  The  latter  gentleman 
has  prepared  some  important  monographs  relating  to  tbe  fresh-watei 
fishes  of  the  United  States  from  tbe  specimens  of  the  National  Maseam, 
describing  many  new  species. 

Mr.  William  H.  Dall  has  had  charge  of  tbe  MoUnsca,  and  has  described 
some  new  species.    Others  have  been  submitted  to  Mr.  Thomas  Bland. 

The  marine  invertebrates  collected  by  the  United  States  Fish  Commis- 
sion are  in  the  hands  of  Prof.  A.  E.  Verrill,  of  Tale  College,  the  special 
collaborator  of  the  Commission.  In  their  examination  he  has  been 
assisted  by  Prof.  Sidney  I.  Smith,  of  the  same  institntion.  Extensive 
monographs  are  in  preparation  by  them,  to  be  published  by  the  Com- 


The  sponges  have  been  sent  to  Professor  Hyatt,  of  Boston,  our  chief 
authority  on  that  sabject. 

The  fossil  invertebrates  have  been  investigated  by  Prof.  0.  A.  White, 
tbe  paUeontologist  of  Dr.  Hayden's  snrvey. 

In  accordance  with  an  arrangement  of  several  years'  standing,  the 
collections  of  all  vegetable  sabstances,  and  of  insects,  have  been  trans- 
ferred, as  received,  to  the  Department  of  Agriculture,  and  these  have 
been  properly  elaborated  by  tbe  ofBcers  in  charge  of  the  several  depart- 
ments of  its  museum. 

The  ethnological  specimens  have  been  studied  carefully  by  Dr.  Baa 
and  Mr.  Cushing,  in  charge  of  the  department  of  tbe  ethnological  col- 
lection. Prof.  O.  T.  MasoD,  and  others.  Professor  Mason  has  published 
a  paper,  with  numerous  illaetrations,  upon  the  collections  from  Porto 
Kico,  in  the  Smithsonian  Beport  for  1S76. 

WorJc  done  in  the  museum. — The  force  iu  the  museum  occupied  in  the 
arrangement  of  the  collections  was  necessarily  diminished  on  aecoant 
of  the  reduction  of  the  Congressional  appropriation,  but  all  those  re- 
tained have  been  diligently  occupied  iu  cataloguing  tbe  collections,  in 
preparing  and  arranging  them  for  exhibition,  and  in  identifying  and 
describing  them. 

As  will  be  seen  by  a  table  in  the  appendix,  the  total  number  of  entries 
of  specimens  during  the  year  amounted  to  11,398.  Although  this  is 
not  quite  equal  to  the  number  recorded  in  1876,  it  is  considerably  in 
excess  of  the  receipts  of  any  previous  year. 

The  labor  of  receiving  the  specimens,  ascertaining  their  exact  origin, 
distributing  them  among  the  various  departments,  giving  to  them  the 
treatment  necessary  for  their  permanent  preservation,  and  finally  their 
identification  and  entry,  and  deposit  in  a  snitable  place,  is  very  great; 
no  single  day  passing  without  some  fresh  addition  of  material  requir- 
ing all  these  precaations.  It  is,  however,  believed  that  the  National 
Museum  will  compare  favorably  with  any  establishment  of  Its  kind 
in  the  accomplishment  of  this  necessary  work  with  ita  actual  force. 
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Distribution  of  duplicate  specimeTis. — A  very  large  portioD  of  tbe  labor 
during  the  year  has  been  directed  toward  the  Belection  and  labeliag, 
recording  and  packing,  of  duplicate  specimens  for  distribation,  iu  accord- 
ance with  the  act  of  Oongreas  providing  for  the  same. 

In  addition  to  a  large  namber  of  single  Bpecimens  or  small  series, 
supplied  as  the  result  of  special  application,  a  number  of  collections 
have  been  prepared  embracing  many  extremely  rare  and  desirable  ob- 
jects. Among  tbe  most  important  of  these  may  be  mentioned  twenty- 
flve  sets  of  fishes,  each  containing  seventy-five  to  one  hundred  and 
fifty  species.  These  have  been  carefully  identified  and  labeled,  under 
the  sapervisioD  of  Professor  G-ill  and  Dr.  Bean,  and  have  constituted 
extremely  acceptable  additions  to  the  museums  to  tvhich  they  have 
been  sent. 

Other  series  of  magnitude  consist  of  birds'  eggs,  shells,  bird-skins,  &c. 

A  large  number  of  series  of  diatomaceous  earths  have  also  been  sup- 
plied, embracing  forty  or  fifty  different  localities,  many  of  them  unknown 
to  the  investigator.  The  demand  for  tbem  is  very  great,  and  taxes  the 
ability  of  the  person  in  charge  to  meet  it. 

Necessitff  of  increased  accommodations  for  the  museum, — The  necessity 
for  more  space  has  already  been  adverted  to  in  the  report  for  1876, 
where  full  details  will  be  found  on  the  subject.  It  may  be  only  neces- 
sary here  to  say  that  the  exigency  is  greater  than  ever,  in  view  of  the 
largely-increased  collections  of  the  year  and  the  deterioration  caused 
to  the  animal  and  metallic  specimens  in  consequence. of  their  being 
boxed  up  and  out  of  the  reach  of  proper  care.  Very  serious  losses  have 
already  been  experienced  in  the  collectiona  of  wools,  animal  fibers,  &g., 
and  from  the  rusting  of  the  specimens  of  iron  and  steel,  and  it  is  earnestly 
hoped  that  the  next  report  may  chronicle  the  initiation  of  measures  by 
Congress  for  relief  in  this  direction. 

At  present  it  is  reasonable  to  estimate  that  the  articles  worthy  of 
exhibition,  but  withdrawn  from  view,  are  several  times  greater  in  extent 
than  those  at  present  displayed,  and  that  a  correspondingly  enlarged 
building  is  required  for  their  display. 

Tbe  collections  thus  wjthdrawnfrom  exhibition  consist  notonly  of  those 
most  interesting  to  the  naturalist,  but  also  of  such  as  are  of  the  highest 
industrial  value  to  the  country,  and  will  add  greatly  to  the  means  of  tech- 
nical instrnctioD,  embracing  as  they  do  illustrations  of  different  kinds  of 
building- stone,  ores  of  all  kinds,  earths,  china  and  porcelain  clays  with 
the  products  derived  from  them,  illustrations  of  the  animal  products  of 
the  country  in  the  way  of  furs,  oils,  gelatines,  glues,  fibers,  bair,  bristles, 
chemical  products,  &c.,  and  a  great  variety  of  articles  to  which  refer- 
ence is  made  in  the  report  for  1376. 

FISH  CULTURE. 

The  labors  of  the  United  States  Fish  Commission,  under  Professor 
Baird's  direction,  have  been  prosecuted  through  the  year  with  very  sat- 
isfactory results. 
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As  in  previons  years,  the  operations  bave  been  carried  on  ander  two 
distinct  divisions:  first,  the  inquiry  into  the  condition  of  the  American 
fisheries;  aad  secondly,  the  multiplication  of  useful  food-fishes  in  the 
rivers  and  lakes  of  the  United  States. 

The  first  division  embraces  a  critical  examinatioa  into  the  physical 
and  biological  character  of  the  waters,  sacli  as  the  determination  of 
their  temperatare  in  different  seasons,  their  currents,  their  chemical 
compoBitioQ,  the  character  of  the  bottom,  and  the  precise  nature  of  the 
animal  and  vegetable  life  occurring  therein,  with  their  mutual  relations; 
as  also  the  inflnences  which  may  tend  to  affect  the  abundance  and  the 
distribution  of  the  fish  in  different  seasons,  whether  by  natural  causes, 
artificial  impediments  or  obstructions,  or  by  excessive  fishing.  Work 
in  this  direction  has  been  conducted  since  1871,  and  has  resulted  in 
supplying  a  minute  and  satisfactory  knowledge  of  the  character  of  the 
coast  and  off-shore  portions  of  the  United  States,  from  the  Bay  of  Fundy 
to  Long  Island  Sound,  and  other  portions  of  the  sea-coast  and  of  tbe 
lakes  have  been  investigated  in  a  less  elalMrate  manner. 

The  operations  in  regard  to  the  propagation  of  food-fiahes  relate  espe- 
cially to  the  introduction  of  California  salmon,  Atlantic  salmon,  land- 
locked salmon,  and  whitefish  into  new  waters,  or  t^eir  maltiplication  in 
those  that  have  been  depleted.  Special  attention,  also,  in  later  years, 
has  been  directed  to  the  Earopeau  carp,  a  well  known  and  favorite 
domesticated  fish,  and  promising  to  be  an  important  addition  to  the 
food  resources  of  the  United  States. 

The  usual  operations  of  the  Fish  Commission,  in  its  maritime  work 
during  1877,  were  somewhat  modified  by  the  attendance  of  Professor 
Baird  on  the  International  Fishery  Convention  on  the  part  of  Great 
Britain  and  the  United  States,  at  Halifax,  by  the  request  of  the  Secre* 
tary  of  State. 

Under  the  law  of  Congress,  which  directs  alt  needed  aid  to  be  fur- 
nished, as  far  as  practicable,  to  the  United  States  Fish  Commission  in 
its  varied  operations,  by  the  executive  departments  of  the  government, 
the  Secretary  of  the  Savy  has  for  several  years  supplied  a  steamer, 
completely  equipped  for  use,  and  in  the  season  of  1877  a  much  larger 
vessel  than  usual  was  detailed  at  the  request  of  the  Secretary  of  State ; 
this  was  the  tag  Speedwell,  an  iron  propeller  of  310  tons  and  of  great 
stanchness,  and  thoronglily  fitted  for  her  work.  She  was  equipped  for 
the  special  service  at  the  navy-yard  in  Portsmouth,  K.  H.,  under  the 
direction  of  Commodore  Guest,  and  the  scientific  apparatus  formerly 
used  on  board  the  United  States  steamer  Blue  Light  was  transferred  to 
her  at  New  London.  She  was  commanded  by  Lientenant-Commander 
A.  G.  Kellogg,  with  Dr.  T.  H.  Sheets  as  surgeon,  and  Mr.  A.  V.  Zane 
as  engineer.  The  vessel  reported  for  duty  on  the  31st  of  July,  at  Salem, 
at  which  point  Professor  Baird  had  been  stationed  for  a  month,  engaged 
in  the  preliminary  work  of  the  commission  prior  to  proceeding  to  Hali- 
fax.   This  consisted,  in  part,  in  the  collection  of  statistical  information 
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ia  regard  to  the  present  coDilition  of  the  American  fisheries,  for  which 
purpose  circulars  were  printed  and  distribnted  very  extensively  along 
the  coast,  and  several  competent  agents  were  detailed  for  making  the 
necessary  inquiries. 

As  in  previous  years,  Prof.  A.  E,  Verrill,  of  Yale  College,  assisted  by 
Mr.  E.  B.  Wilson,  took  special  charge  of  the  investigations  in  regard  to 
the  marine  invertebrates,  while  Mr.  G.  Brown  Goode  and  Dr.  T.  H. 
Bean  discharged  a  similar  relation  to  the  vertebrates.  A  number  of 
trips  were  made  by  the  vessel  from  Salem,  which  resulted  in  the  dis- 
coveryof  some  new  and  extensive  fishing-grounds  of  much  value,  which 
it  is  believed  will  in  time  be  utilized  in  the  interest  of  the  American 
flisheries. 

Professor  Eaird  proceeded  to  Halifax  about  the  middle  of  August, 
n'here  be  was  joined  by  the  Speedwell  on  the  22d,  from  which  point  a 
new  series  of  researches  was  carried  on  tending  to  still  further  elucidate 
the  fisheries  of  the  United  States  and  of  the  British  possessions. 

The  opportunity  furnished  by  the  presence  of  many  intelligent  fisher- 
men and  other  witnesses  called  on  both  sid  es  by  the  convention,  was 
embraced  by  Professor  Baird  to  secure  information  in  regard  to  the 
condition,  extent,  and  location  of  the  American  fisheries  and  the  details 
of  their  prosecution,  and  enabled  him  to  collect  material  for  an  ex- 
haustive work  on  the  suhject,  to  be  published  at  some  future  time  in 
the  report  of  the  commission. 

Professor  Baird's  duties  in  Washington  required  his  rotnrn  from 
Halifax  a  short  time  before  the  close  of  the  convention,  and  he  left  on 
the  20th  of  October  for  home,  the  steamer  Speedwell  having  proceeded 
to  Salem  on  the  13th  ;  and,  after  remaining  a  few  days  and  carrying  on 
some  investigations  in  regard  to  the  habits  and  distribution  of  the  sea- 
herring,  she  reported  herself  at  Portsmouth  and  was  taken  out  of  com- 
mission. 

The  season  of  1877  was  unusually  productive  in  the  increase  of  on'r 
knowledge  of  the  natural  history  of  the  coast;  a  nnmber  of  species 
having  been  added  to  previous  list«,  a  considerable  proportion  new  to 
science. 

The  work  of  the  commission  in  the  direction  of  the  propagation  of 
food-fishes  began  in  April  with  the  shad,  an  establishment  having  been 
formed  at  Havre  do  Grace,  in  the  Susquehanna,  where  11,000,000  of 
young  shad  were  hatched  out  and  distributed  throughout  the  United 
States.  Dnring  this  season  an  entirely  new  system  of  hatching  shad, 
invented  by  Mr.  T.  B.  Ferguson,  fish  commissioner  of  Maryland,  was 
put  into  successful  operation.  In  this  the  necessary  motion  required  by 
the  eggs  is  imparted  by  steam  machinery,  which  causes  a  cylindrical 
vessel  in  which  the  eggs  are  placed  to  rise  and  fall  in  the  water  with  a 
proper  degree  of  velocity.  In  this  way  many  practical  difficulties  in 
the  batching  of  sbad  in  open  bays  and  elsewhere  are  overcome. 

The  work  of  hatching  shad  at  Havre  de  Grace  was  prosecuted  with 
the  assistance  of  Mr.  Ferguson,  while  the  shipment  and  distribution  of 
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tte  young  flah  was  directed  by  Mr.  J.  W.  Milner,  Assistant  Uuited 
States  Fish  Outnmissioiier. 

After  completing  operations  at  Havre  de  Grace,  the  commiasion, 
under  Mr.  Miluer,  traDsferred  its  operatioDS  to  Holyoke,  in  Massachu- 
setts, which  resulted  in  about  the  average  success. 

The  yield  of  eggs  of  the  California  salmon  from  the  United  States 
establishment  situated  on  the  McGload  Biver,  in  Northern  OaliforniD, 
vas  not  so  large  as  nsual,  in  consequence  of  the  interference  with  the 
upward  run  of  the  fish  by  some  canning  establishments  on  the  Lower 
Sacramento.  Between  five  and  six  millions  of  eggs,  however,  were  se- 
cured and  duly  distributed.  These  were  sent  to  all  parts  of  the  United 
States,  as  also  to  Canada,  Australia,  New  Zealand,  the  Sandwich  Isl- 
ands, Germany,  France,  England,  and  the  Netherlands. 

N^othing  was  done  during  the  year  with  the  Atlantic  salmon,  although 
the  establishment  at  Bucksport  was  kept  in  repair. 

Unusual  success  was  experienced  in  the  collection  of  eggs  of  the  land- 
locked salmon  in  the  Grand  Lake  Stream  in  Eastern  Maine,  about  two 
millions  having  been  secured  and  distributed  to  fish  commissioners  and 
other  parties  in  a  large  number  of  States.  This  work  was  prosecuted 
in  co-operation  with  the  fish  commissioners  of  Massachusetts  and  Con- 
uecticut,  who  bore  a  share  of  the  expense. 

In  the  early  part  of  the  year  Mr.  Bndolph  Hessel,  an  experienced  fish 
culturist,  was  sent  to  Germany  to  obtain  a  supply  of  the  German  carp, 
and  he  brought  back  several  hundred  of  the  best  varieties.  These  were 
placed  temporarily  in  certain  ponds  in  Druid  Hill  Park,  Baltimore,  un- 
der the  care  of  Mr.  T.  B.  Ferguson. 

For  the  further  treatment  of  these  fish,  and  the  multiplication  of  suf^- 
cient  numbers  to  commence  distributing  them  throughout  the  United 
States,  Congress,  in  the  latter  part  of  the  year,  granted  to  the  commis- 
sion the  nse  of  the  ponds  on  the  Monnment  lot,  in  the  city  of  Washing- 
ion,  and  made  an  appropriation  to  fit  them  up  properly.  Work  h;is 
been  began  upon  these  ponds,  and  it  is  hoped  that  in  the  course  of  the 
year  1S7S  a  successful  beginning  may  be  made  in  the  way  of  distribu- 
tion of  fish  from  them. 

The  labors  of  the  United  States  Fish  Commission  can  scarcely  be  too 
highly  estimated.  A  very  large  and  increasing  portion  of  hnman  life  is 
sustained  by  the  product  of  the  water,  especially  of  shores  and  rivers. 
Organic  matter  necessary  to  the  susteutation  of  life  is  produced  by 
radiation  from  the  sun  in  connection  with  plants,  but  a  large  portion  of 
this  is  carried  into  the  waters  of  rivers  and  that  of  the  sea,  by  sewage 
and  drainage,  and  can  only  be  reclaimed  for  human  nse  by  the  produc- 
tion of  fishes.  Hence,  with  the  increase  of  population  of  civilized  coun- 
tries, the  art  of  breeding  and  catching  fish  becomes  as  important, 
almost,  as  the  extension  of  arable  land  and  the  improvement  of  agri- 
cnltnre.  Indeed,  it  becomes  in  some  respects  more  valuable  than  these, 
since  it  supplies  food  differing  from  that  of  the  land;  and,  therefore, 
adds  to  the  variety  of  the  means  for  gratifying  the  palate. 
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The  improvemeut  which  has  been  made  in  the  art  of  prodacing  fish  is, 
truly  woQderfal.  Rivers,  poods,  and  lakes  which  are  almost  entirely 
barren  or  iohabited  only  by  fish  of  bat  little  value  may  be  filled  to  reple- 
tion and  kept  fnll  by  judieions  arrangement  of  the  time  of  catching. 
The  rules,  however,  for  the  art  of  fish  cnlture  are  founded  on  scientific 
observations  relative  to  the  natural  history  of  fish,  and  especially  in 
regard  to  one  principle,  namely:  that  nature,  to  preserve  a  species,  is 
prodigal  in  the  production  of  individuals.  This  is  especially  true  in 
regard  to  fishesj  for  example,  from  a  single  shad  may  be  stripped  10,000 
eggs  which,  being  left  exposed  to  all  the  enemies  to  which  they  are  sub- 
jected, will  yield  not  more  than  50  young  individuals  able  to  feed  them- 
selves, and  not  more  than  5  adult  fish  capable  of  reproduction,  while 
the  same  number  of  eggs  hatched  by  artificial  means  ought  to  yield 
9,500  young  fish,  with  a  reasonable  expectation  of  950  adults. 

The  subject  of  fish  culture  baa,  however,  but  lately  attracted  the 
attention  of  the  general  government,  the  first  small  appropriation  iu 
regard  to  it  having  been  made  in  1872.  It  has,  however,  been  extended 
year  by  year  by  small  additional  appropriations,  and  has  now  attracted 
such  attention  that  the  country  will  demand  a  still  wider  extension  of 
its  labors. 

In  this  connection  I  would  draw  attention  to  the  immense  importance 
of  the  B'ational  Museum  as  an  educational  establishment.  Specimens  of 
every  variety  of  fish  in  the  different  waters  of  the  United  States  are  sent 
by  the  employes  of  the  Fish  Commission  to  Washington  in  a  fresh  con- 
dition, and  from  them  molds  are  immediately  made  in  plaster  from 
which  again  models  are  cast  and  painted  to  give  exact  representations 
in  form  and  color  of  the  original  specimens.  In  this  way  in  the  course 
of  a  limited  time  a  full  set  of  all  the  edible  fish  of  North  America  will 
be  obtained,  as  well  as  models  of  those  of  a  similar  character  from  other 
countries.  In  addition  to  this,  the  National  Mnsenm  has  now  in  its 
possession  ready  for  exhibition  when  a  new  building  shall  be  provided, 
.specimens  of  all  the  apparatus  used  in  all  the  different  countries  of  the 
world  for  the  capture  and  utilization,  as  well  as  the  propagation  of  fish. 

The  importance  of  sucb  a  collection  as  a  means  of  diffusing  and  im- 
proving practical  ideas  can  scarcely  be  too  highly  estimated. 

CONCLUSION. 

It  will  be  seen  from  the  report  of  Professor  Baird  that  a  large  amount 
of  bis  time  has  been  expended  in  labor  for  the  general  government,  la 
relation  to  American  fisheries. 

Almost  from  the  first  organization  of  the  Institution  until  the  present 
time  the  ofBcers  of  the  Institution  have  rendered  service  to  the  general 
government  without  additional  salarj*.  For  several  years  past  the  Sec- 
retary has  devoted  the  greater  part  of  the  summer  to  investigations  on 
sound  in  its  application  to  fog-signals,  in  connection  with  the  Light- 
House  Board. 
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These  iDvestigatJons  have  been  made  along  tbe  coast  on  light-lioase 
steamers,  witb  the  assistance  of  membera  and  otBcers  of  the  ligbt-boase 
establishment.  Daring  the  last  year  a  series  of  experiments  were  made 
along  tbe  coast  of  Maine,  which  served  to  establish  some  new  princiiiles, 
as  n-ell  as  to  confirm  previons  results. 

From  all  the  experiments  which  have  been  made  by  the  Ligbt-Honse 
Board  in  regard  to  tbe  transmission  of  soand  in  free  air  and  those 
derived  from  other  observations  which  can  be  fnlly  relied  upon,  the 
following  couclnsiona  may  be  considered  established,  snbject,  however, 
to  such  farther  taodiiicatiou  and  extension  as  subsequent  investigation 
may  seem  to  indicate: 

"  1.  The  audibility  of  sonnd  at  a  distance  (the  state  of  tbe  atmosphere 
being  constant)  depends  npon  tbe  character  of  the  sound.  Tbe  distance 
through  which  a  sound  may  be  beard  is  governed  by  the  pitch,  tbe 
loudness,  and  the  quantity  of  sound.  The  pitch  or  frequency  of  tbe 
impulses  in  a  given  time  mnst  not  be  too  high,  otherwise  tbe  amplitude 
of  vibration  will  be  too  small  to  allow  a  sufficient  quantity  of  air  to  be 
put  into  motion  ;  neither  must  the  pitch  be  too  low,  for  in  this  case  the 
motion  of  the  atoms  of  air  in  the  sound-wave  will  not  be  suflBcieotly  rapid 
to  convey  the  impulse  to  a  great  distance.  Again,  the  greater  tbe  loud- 
ness of  the  sound,  which  depends  upon  the  amplitnde  of  the  vibrations 
of  the  sounding  body,  the  greater  will  be  tbe  distance  at  which  it  will  be 
board.  And  finally,  tbe  greater  tbe  quantity  of  sound,  which  depends 
upon  the  magnitude  of  tbe  vibrating  sarface,  the  greater  will  be  the 
distance  to  which  it  is  audibly  transmitted.  These  results  are  derived 
from  observations  on  tbe  siren,  the  reed-trumpet,  and  the  automatic 
buoy.  The  effect  of  quantity  of  sound  is  shown  in  the  fact  that  in 
sounding  different  iostraments  at  the  same  time,  it  was  found  that  two 
sounds  apparently  of  the  same  loudness  were  heard  at  very  different 
distances.  The  audibility  of  sound  dei>ends  npon  the  state  of  tbe 
atmosphere. 

2.  A  condition  most  favorable  to  tbe  transmission  of  sound  is  that  of 
perfect  stillness  and  nniform  density  and  temperature  throughout. 
This  is  shown  by  the  observations  of  Parry  and  other  Arctic  explorersj 
although  in  this  case  an  efScient  and  co-operating  cause  is  doubtless 
the  downward  refraction  of  sound  due  to  tbe  greater  coldness  of  the 
lower  strata  of  air,  as  first  pointed  out  by  Professor  Eeynolds.  Air, 
however,  is  seldom  in  a  state  of  uniform  density,  but  is  pervaded  by 
local  currents,  due  to  contact  with  portions  of  the  earth  unequally 
heated,  and  from  the  refractions  and  refiections  to  which  tbe  sound- 
wave is  subjected  in  its  passage  through  such  a  medium  it  Is  broken  up 
and  lost  to  tbe  ear  at  a  less  distance. 

3.  But  the  most  efficient  cause  of  the  loss  of  audibility  is  the  direct 
effect  produced  by  the  wind.  As  a  general  rule,  a  sound  is  heard  far- 
ther when  moving  with  the  wind  than  when  moving  against  it.  This 
effect,  which  is  in  conformity  with  ordinary  observation,  is  not  due  to 
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an  increase  of  velocity  of  the  sonnd-wave  in  one  direction  and  a  dimi- 
natloD  ID  the  otber  by  the  motion  of  the  vind  except  in  an  imperceptible 
degree;  for  since  Bound  moves  at  the  rate  of  about  seven  handred  and 
fifty  miles  an  honr,  a  wind  of  seven  miles  and  a  half  an  hour  coald  in- 
crease or  diminish  the  velocity  of  the  sound-wave  only  one  per  cent., 
while  the  effect  observed  is  In  some  cases  several  hundred  per  cent.  It 
is,  however,  due  to  a  change  in  its  direction.  Sound  moving  with  the 
wind  is  refracted  or  thrown  down  toward  the  earth ;  while  moving 
against  the  wind  it  is  refracted  upward  and  passes  over  the  head  of  the 
observer,  so  as  to  be  beard  at  a  distance  at  an  elevation  of  several  hun- 
dred feet  when  inaudible  at  the  surface  of  the  earth. 

4.  Although,  as  a  general  rnle,  the  sound  is  heard  farther  when  mov- 
ing with  the  wind  than  when  moving  against  it,  yet  in  some  instances 
the  sound  is  heard  farthest  against  the  wind,  but  this  phenomeuon  is 
shown  to  be  due  to  a  dominant  upper  wind,  blowing  at  the  time  in  an 
opposite  direction  to  that  at  the  surface  of  the  earth.  These  wiuds  are 
not  imaginary  productions  invented  to  explain  the  phenomena,  but 
actual  existences,  established  by  observation,  as  in  the  case  of  the  ex- 
periments made  at  Sandy  Hook  in  1874,  by  means  of  balloons,  and  from 
tbe  actual  motion  of  the  air  in  the  case  of  northeast  storms,  as  observed 
at  stations  on  the  coast  of  Maine. 

5.  Although  sound  issuing  from  the  mouth  of  a  trumpet  is  at  first  con- 
centrated in  a  given  direction,  yet  it  tends  to  spread  so  rapidly,  that  at 
the  distance  of  three  or  four  miles  it  fills  the  whole  space  of  air  inclosed 
within  the  circuit  of  tbe  horizon,  and  is  heard  behind  the  trumpet  nearly 
as  well  as  at  an  equal  distance  in  front  of  its  mouth.  This  fact  pre- 
cludes the  use  of  concave  reflectors  as  a  means  of  increasing  the  inten- 
sity of  sonud  io  a  given  direction ;  for  although  at  first  they  do  give  an 
iDcrease  of  sound  in  the  direction  of  the  axis,  it  is  only  for  a  compara- 
tively short  distance. 

6.  It  has  been  established,  contrary  to  what  has  formerly  been  thought 
to  be  the  case,  that  neither  fog,  snow,  hail,  nor  rain  materially  interferes 
with  the  transmission  of  loud  sounds.  The  siren  has  been  heard  at  a 
greater  distance  during  the  prevalence  of  a  dense  and  widely-extended 
fog  than  during  any  other  condition  of  the  atmosphere.  This  may,  how- 
ever, be  attributed  to  the  uniform  density  and  stillness  of  the  air  at  the 
time. 

7.  In  some  cases  sound-shadows  are  produced  by  projecting  portions 
of  land  or  by  buildings  situated  near  the  origin  of  the  sound,  but  these 
are  closed  in  by  the  spread  of  the  sound-waves,  and  thus  exhibit  the 
phenomenon  of  sound  being  heard  at  a  distance  and  afterwards  lost  on 
a  nearer  approach  to  the  station. 

8.  It  frequently  happens  that  on  a  vessel  leaving  a  station  the  sound 
is  suddenly  lost  at  a  point  in  its  course,  and  after  remaining  iuandibie 
some  time,  is  heard  again  at  a  greater  distance,  and  is  then  gradually 
lost  as  the  distance  is  farther  increased.  This  phenomenon  is  only  ob- 
served when  the  sound  is  moving  against  the  wind,  and  is  therefore 
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attribated  to  the  upward  re&action  of  the  aoand-wave,  wliich  passes 
over  tbe  head  of  the  observer  aod  continues  an  npward  conrse  until  it 
nearly  reaches  the  npper  earface  of  the  current  of  wind,  when  the  refrac- 
tion will  be  reversed  and  the  soand  sent  downward  to  the  earth ;  or 
tbe  effect  may  be  considered  as  dne  to  a  sound-shadow  prodaced  by  re- 
fraction, which  is  gradually  closed  in  at  a  distance  by  the  lateral  spread 
of  tbe  soand-wave  near  the  earth,  on  either  side,  Id  a  direction  which 
is  not  affected  by  the  upward  refraction.  Another  explanation  may  be 
found  in  the  probable  circamstance  of  the  lower  sheet  of  soDnd-beams 
being  actually  refracted  into  a  serpentine  or  undulating  course,  as  sng- 
geated  in  the  Appendix  to  the  Report  of  the  Light-House  Board  for  1875. 
Such  a  serpentine  course  would  result  from  successive  layers  of  unequal 
velocity  in  an  opposing  wind;  as  being  retarded  at  and  near  the  sur- 
face of  the  eartb,  attaining  its  maximum  velocity  at  the  height  of  a 
few  hundred  feet,  and  then  being  again  retarded  at  greater  elevations 
by  the  friction  of  upper  counter-currents,  or  stationary  air.  In  some 
oases  tbe  phenomenon  is  due  to  one  or  the  other  of  these  causes,  and  in 
other  cases  to  both  combined.  That  it  is  not  due  to  the  obstructing  or 
screening  effects  of  an  abaormal  condition  of  the  atmosphere  is  shown 
by  the  fact  that  a  sound  transmitted  in  an  opposite  direction,  throngb 
what  is  called  the  region  of  silence,  passes  without  obstrnction.  It  is 
l)robable,  from  all  the  observations,  that  in  all  cases  of  refraction  of  a 
sound  moving  against  the  wind,  it  tends  again  to  descend  to  the  earth 
by  the  natural  spread  of  the  sound. 

9.  Tbe  existence  of  a  remarkable  phenomenon  has  been  established, 
which  is  exhibited  in  all  states  of  the  atmosphere  during  rain,  snow, 
and  dense  fog,  to  which  has  been  given  tbe  name  of  aerial  echo.  It  con- 
sists of  a  distinct  echo,  apparently  from  a  space  near  the  horizon  of 
fifteen  or  twenty  degrees  in  azimuth,  directly  in  the  prolongation  of  the 
axis  of  the  trumpet.  The  loudness  of  this  echo  depends  upon  the  loud- 
ness and  quantity  of  the  original  sound,  and  therefore  it  is  produced 
with  the  greatest  distinctness  by  the  siren.  It  cannot  be  due  to  the 
accidental  position  of  a  flocculent  portion  of  atmosphere  nor  the  direct 
reflection  from  the  crests  of  the  waves,  as  was  at  first  supposed,  since 
it  is  always  heard  except  when  the  wind  is  blowing  a  hurricane. 

As  a  provisional  explanation,  the  hypothesis  has  been  adoptod  that 
in  the  natural  spread  of  the  waves  of  sound  some  of  the  rays  must  take 
such  a  curvilinear  course  as  to  strike  the  surface  of  the  water  in  an 
opposite  direction  and  thus  be  reflected  back  to  tbe  station  or  location 
of  the  origin  of  the  souud." 


Respectfully  submitted. 

JOSEPH  HENRY, 
Secretary  Sinitksonian  Institution. 
WASHinaTON,  January,  1878. 


nigiii.cd  by  Google 


APPENDIX  TO  THE  REPORT  OF  THE  SECRETARY. 

GOVERNMENT  EXPLORATIONS  IN  1877. 

la  accordance  vith  the  law  of  organization  of  the  Institation,  all  tho 
specimens  that  are  broaght  to  Washington  by  the  various  government 
surveys  and  expeditions  are  turned  over  to  the  National  Mnseum  in 
charge  of  the  Smithsonian  Institation,  and,  tlierefore,  accounts  are  here 
given  of  the  Government  explorations  duriug  the  paat  year  under  the  di- 
rection of  Professor  Hayden,  Professor  Powell,  and  Lieutenant  Wheeler, 
furnished  hy  the  directors  of  the  explorations. 

TOE  WORK  OF  THE  UNITED  STATES  aSOLOGICAL  AND  GEOGRAPHIOAI, 
SUEVET  OF  THE  TEBBIT0BIE8,  UNDER  THE  DIRECTION  OF  PROF.  P. 
T.  HAYDEN,  DURING  THE  SEASON  OP  1877. 

On  the  completion  of  the  work  in  Colorado  in  1876,  it  was  determined 
that  the  work  should  continue  northward  into  Idaho  and  Wyoming 
Territories.  The  belt  of  country  along  the  fortieth  parallel,  including 
the  Union  Pacific  Railroad,  having  been  explored  in  detail,  by  the  sur- 
vey of  the  fortieth  parallel  under  Clarence  King,  it  was  deemed  best  to 
commence  at  the  northern  boundary  of  that  work  and  continne  north- 
ward and  westward. 

The  survey  was  divided  into  five  parties  for  field,  geological,  and  topo- 
graphical work,  besides  several  parties  for  8i)ecial  investigation.  The 
following  notes  present  the  salient  featares  of  the  summer's  work : 

Primary  triangulation. — The  primary  triangulation  party  in  charge 
of  Mr.  A.  D.  Wilson,  chief  topographer  of  the  survey,  took  the  field  from 
Bawlins  Springs,  Wyo.  Near  this  place  a  base-line  was  carefully  meas- 
ured and  from  this  a  net- work  of  triangles  was  extended  to  the  north 
and  west.  After  completing  the  work  in  the  vicinity  of  Bawlins,  the 
party  marched  northward,  making  stations  on  Seminoe  and  Whiskey 
Peaks,  and  thence  traveled  westward  to  Yellow  Butte,  where  another 
station  was  located.  From  this  point  the  work  was  carried  to  the  Wind 
River  Range.  Three  stations  were  made  on  the  more  prominent  points 
of  this  range  with  much  difficulty,  owing  to  the  great  quantities  of  snoir 
found  in  these  mountains  during  the  month  of  June — the  time  the  party 
was  working  there. 

Conttnning  the  work  northward  and  westward,  stations  were  made 
on  the  Grosventre  and  Wyoming  Ranges  and  on  Cariboo  Mountain  and 
Mount  Putnam  near  Fort  Hall.  After  refitting  at  the  latter  place  the 
party  marched  south  via  Soda  Springs  to  the  valley  of  Bear  Lake,  where 
a  nother  base-line  was  measured  and  connected  with  the  work  as  broaght 
forward  from  the  Rawlins  base. 

After  occnpying  Mount  Preass,  Soda,  Paris,  and  North  Logan  Peaks, 
the  party  marched  to  Evanston  where  a  connection  was  made  with  the 
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astronomical  station  made  at  this  point  by  the  bonndary  survey  of  Wyo- 
ming. Stations  were  also  made  on  Medicine  Butte  and  Ogdeit  Peak, 
thus  conaecting  with  the  primary  triangulation  of  the  fortieth  parallel 
survey.  From  Evanston  the  party  moved  eastward)  occupying  Pilot 
and  Bla<:k  Butt«s,  agaia  visiting  Separation  Peak  near  Rawlins,  thus 
bringing  the  work  back  to  tbe  point  of  beginning  where  the  party  was 
disbanded  and  the  train  sent  into  winter  quarters  at  Cheyenne. 

Mr.  Wilson  has  flaished  the  preliminary  computations  of  his  work, 
andachart,  showing  the  results,  has  been  published.  Tweuty-sis  points 
were  occupied,  while  many  others  were  located  by  foresights,  among 
them  the  Grand  T^tou  and  Washakie  iN'eedles. 

The  triangulation  covered  an  area  of  about  28,000  square  miles,  extend- 
ing from  longitude  107°  to  112°  and  between  north  latitude  41°  10'  and 
430  50'. 

Stone  monuments  were  built  on  all  occupied  points  for  future  refer- 
ence, and  when  tbe  final  computations  are  made,  the  latitude  and  longi- 
tude of  all  these  points  will  be  given,  with  azimuths  and  distances 
between  the  points. 

Topography. — The  topographical  field-work  of  the  past  season  was  car- 
ried on  by  three  parties,  to  each  of  which  a  definite  area  was  assigned  to 
be  surveyed.  These  areas  were  appro  s:imately  in  the  form  of  rectangles, 
limited  by  meridians  and  parallels  of  latitude.  Each  of  them  contained 
about  11,000  sguare  miles.  That  assigned  to  the  Teton  division,  in 
charge  of  Mr.  G.  E.  Bechler,  lay  between  the  meridians  of  109°  30'  and 
112°  and  the  parallels  43°  and  i4P  15'.  This  area  comprises  nearly  all 
the  country  about  the  sources  of  Snake  Eiver,  including  the  very  rugged 
range  of  the  Teton  Mountains  and  the  northern  half  of  the  Wind  Eiver 
Mountains.  From  the  character  of  the  country,  being  nearly  all  moun- 
tainous, and  much  obstructed  by  living  aiid  fallen  timber,  work  was 
necessarily  slow,  yet  Mr.  Bechler  succeeded  in  surveying  nearly  6,000 
square  miles  up  to  the  early  part  of  September,  when  he  was  obliged  to 
stop  work  and  leave  the  country,  owing  to  the  proximity  of  Joseph's 
band  of  hostile  Indians.  About  one-third  of  the  area  surveyed  by  this 
division  lies  south  of  the  Snake  and  west  of  Salt  Eiver.  The  remainder 
includes  the  greater  part  of  the  most  rugged  mountains,  among  them 
the  Tetons  and  a  portion  of  the  Wind  Eiver  Bange. 

That  portion  of  the  district  lying  south  of  Snake  Eiver  consists  of  tbe 
northern  ends  of  two  mountain-ranges,  known  as  the  Bl(ickfoot  and 
Caribou  ranges,  with  their  adjacent  valleys.  These  ranges  have  the 
normal  trend  ;  are  here  scarcely  high  enough  (6,0Q0  to  8,000  fe«t  above 
sea  level)  to  be  dignified  with  tbe  name  of  monntains,  and  are  bare  of 
timber  and  grass-covered.  All  this  section  is  fine  graziug-land,  and  in 
tbe  valleys  are  large  areas  of  arable  land. 

North  of  the  Snake  are  several  fine  valleys,  well  watered  from  the 
SDOw-fields  of  the  high  mountains,  among  which  are  Pierre's  and  Jaek- 
Bon's  Holes;  but  tbe  mass  of  the  country  is  made  up  of  monntains. 
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As  a  rule,  the  valleya  are  narrow,  mere  caSons  in  vfery  many  cases.  The 
mountains  are  everywhere  heavily  timbered  with  pine  and  spruce. 

During  the  season,  Mr.  Beehler  occapied  60  statious,  and  measured 
7,340  horizontal  and  5,700  vertical  angles. 

The  area  assigned  to  the  Green  Eiver  division,  in  charge  of  Mr.  Henry 
Gannett,  lay  between  the  meridians  of  109°  30'  and  112°  00'  and  the 
parallels  of  latitude  of  41°  45'  and  43°  00',  being  directly  south  of  that 
of  the  Teton  division.  This  district  includes  the  northern  half  of  the 
Green  Eiver  Basin  ;  nearly  all  the  drainage  area  of  the  Bear,  and  sev- 
eral large  branches  of  the  Snake,  comprising  portions  of  the  three 
Territories  Wyoming,  Idaho,  and  Utah.  The  country  being  especially 
well  adapted  to  this  class  of  surveying,  work  was  pushed  very  rapidly, 
so  that,  after  finishing  bis  district,  Mr.  Gannett  was  enabled  to  carry  the 
work  westward  over  the  valleys  of  the  Portneuf  and  Malade,  with  their 
bounding  ranges. 

"With  the  exception  of  the  Green  Eiver  Basin,  which  is  a  broad,  flat 
expanse  of  sage  and  grass,  the  country  consists  of  a  succession  of  par- 
allel ranges  of  mountains,  with  the  normal  Kocky  Mountain  trend,  sep- 
arated by  broad  valleys.  The  valleys  are  fertile,  and  easily  irrigated, 
while  everywhere  there  is  a  bountiful  supply  of  water.  The  average  ele- 
vation of  these  valleys  is  from  4,000  to  6,00U  feet,  while  the  mountains 
rise  to  heights  ranging  from  8,000  to  11,000  feet. 

The  lower  mountain -ranges  are  grass-covered,  while  the  higher  ones 
are  well  timbered,  in  some  cases  even  densely  timbered,  with  heavy 
sprnce  and  pine.  The  area  of  irrigable  land  is,  by  a  tough  estimate,  ten 
per  cent,  of  the  district,  while  at  least  three-fourths  of  it  is  suitable  for 
grazing.  In  surveying  this  area,  Mr.  Gannett  made  347  stations  of  all 
grades  of  importance,  building  monuments  on  53  of  the  principal  ones 
for  future  reference  by  the  laud  surveys,  or  other  purposes. 

The  district  assigned  to  the  Sweetwater  division,  under  Mr.  George 
B.  Chittenden,  lay  between  meridians  107°  OW  and  109°  30'  and  parallels 
4i°  45'  and  43°  00',  being  east  of  that  last  described.  It  includes  the 
southern  half  of  the  Wind  Eiver  Range,  the  valleys  of  Wind  River  and 
the  Sweetwater,  with  the  Sweetwater  Mountains  and  the  desert-like 
plateaus  about  the  continental  divide  south  of  the  latter.  Of  this  area 
nearly  all  or  between  10,000  and  11,000  square  miles  were  surveyed. 
Of  this  district,  a  rough  estimate  makes  five-eigbths  desert  country,  two 
eighths  mountainous,  of  value  only  for  its  timber,  or,  hypothetically,  for 
its  mineral  contents,  and  one-eighth  only  valuable  as  pasture  or  agricul- 
tural land.  In  surveying  this  area,  Mr.  Chittenden  made  nearly  200 
stations.  Between  80  and  90  of  these  were  marked  permanently  by 
stone  monuments  for  future  reference. 

As  heretofore,  attention  has  been  paid  to  the  economic  value  of  the 
land  surveyed.  Map  notes  and  sketches  indicate  the  extent  of  land 
suitably  situated  for  irrigation,  and  as  all  streams  of  any  magnitude  are 
gauged,  and  their  slopes  measured,  the  data  for  estimates  of  the  amount 
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of  arable  land  are  at  hand.  Areas  of  pasture  and  timber  land  are  also 
noted. 

During  the  whole  season,  of  four  monthB'  duration,  the  weather  was 
unexceptiouably  favorable  for  the  prosecution  of  the  work ;  scarcely  a 
da;  was  lost  from  bad  weather  by  any  of  the  parties. 

The  total  area  surveyed  during  the  season,  and  to  be  mapped  during 
the  winter,  was  about  29,000  square  miles,  a  very  considerable  addition 
to  our  knowledge  of  the  Vyestern  conntry. 

In  succeeding  years  the  work  is  to  be  extended  toward  the  north, 
east,  and  west. 

Geology.— The  geological  field-work  of  the  survey  for  1877  was  as- 
signed to  Dr.  F.  M.  Endlicb,  Prof.  Orestes  H.  St.  John,  and  Dr.  A.  C. 
Peale,  in  the  Sweetwater,  Teton,  and  Green  Eiver  districts  respectively. 
Many  interesting  geological  facts  were  observed  which  will  be  detailed 
in  the  annual  report  of  the  survey. 

The  Sweetwater  district  comprised  a  well  diversified  country.  The 
eastern  portion  of  the  Green  Giver  Basin  was  found  to  be  underlaid 
with  Tertiary  formations,  with  isolated  volcanic  eruptions  at  several 
points.  The  prevailing  westerly  winds  of  the  region  have  resulted  in 
the  formation  of  sand  dunes  wherever  the  configuration  of  the  conntry 
has  offered  an  obstacle  to  the  progress  of  the  sand  that  is  formed  from 
the  readily  disintegrating  Tertiary  sandstones.  On  ,tbe  eastern  side  of 
the  Wind  River  Mountains  a  full  series  of  the  sedimentary  formations 
was  noted,  begiuning  with  the  Silurian,  and  numerons  stratigraphical 
))henomeua  were  observed  and  studied  with  a  view  to  the  determina- 
tion of  the  age  of  the  mountain-range. 

Camp  Stambaugh,  at  the  south  end  of  the  range,  is  located  within 
the  area  of  the  oldest  metamorphic  rocks  of  the  district  la  these,  gold 
has  been  found  in  varying  quantities  for  the  last  ten  years,  and,  at  one 
time,  the  region  was  the  scene  of  considerable  mining  excitement. 

The  western  side  of  the  Wind  Eiver  Mountains  was  found  to  be  very 
interesting  on  account  of  the  remains  of  enormous  ancient  glaciers. 
Moraines,  covering  many  square  miles,  and  often  a  thousand  feet  in 
thickness,  extend  downward  through  narrow  valleys  that  now  contain 
rushing  streams.  Striation,  grooving,  and  mirror-like  polish  of  rock  in 
situ,  denote  the  course  taken  by  the  moving  ice-fields  that  have  left 
these  marks  of  their  former  existence.  From  all  indications,  the  cessa- 
tion of  glacial  activity  must  have  occurred  within  a  comparatively  recent 
time.  Scarcely  any  vegetation  has  sprung  np  on  the  light  glacial  soil, 
and  the  characteristic  distribution  of  erratic  material  bears  every  evi- 
dence of  "freshness." 

All  along  the  Sweetwater  Eiver  the  characteristic  Sweetwater  group 
of  the  Tertiary  was  found,  continuing  northward  to  the  hills  opposite 
Seminoe  Pass.  These  hills  were  found  to  be  projections  of  granite  that 
during  the  Tertiary  epoch,  and  probably  long  before,  existed  as  islands 
in  a  widely  extended  sea. 

On  the  south  side  of  the  Sweetwater,  in  the  Seminoe  Hills,  the  older 
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sedimentary  formations  were  noted.  Id  the  region  between  the  SemiDoe 
Hills  and  Rawlins,  on  the  Union  Paci&c  Bailroad,  an  interesting  gronp 
of  mud-springs,  analogous  to  the  mnd-puffe  of  the  Geyser  region,  were 
seen.  About  foor  hundred  of  these  curions  springs  were  found  and  ex- 
amined. 

After  finishing  his  work  with  the  field-party,  Dr.  Endlich  visited  the 
coal-mines  near  Evanston,  Wyo.,  to  examine  the  coal-bearing  rocks  of 
that  region. 

The  Green  Eiver  district  lies  directly  west  of  the  Sweetwater  district. 
With  the  exception  of  a  small  area  of  granite,  along  the  southwestern 
side  of  the  Wind  Biver  Mountains,  and  some  basaltic  flows  In  the  north- 
western porijon  of  the  distEict,  the  rocks  are  sedimentary.  The  Green 
Eiver  Basin  was  the  flrat  area  surveyed.  The  prevailing  formation  was 
found  to  be  the  Green  Eiver  group  of  the  Tertiary,  underlaid  by  the 
Wahsatch.  Toward  the  south,  buttes  of  the  Bridger  clays  rest  on  the 
Green  Biver  maris  and  sandstones.  They  are  the  northern  outliers  of 
the  extensive  Bridger  areas  found  farther  southward. 

On  the  northeast,  the  Tertiary  beds  rest  on  the  granites  of  the  Wind 
Eiver  Mountains,  the  line  of  junction  being  considerably  obscured  by 
morainal  material.  One  of  the  most  interesting  points  noted  in  the 
Green  Eiver  Basin  was  on  its  west  side,  where  the  Wahsatch  Tertiary 
is  seen  resting  unconformably  on  Jurassic  and  Cretaceous  strata.  At 
one  point,  Carboniferous  fossils  were  obtained  from  bowlders  of  lime- 
stone found  in  a  conglomerate  in  the  Wahsatch  group.  These  were 
derived  without  doubt  fh>m  the  Carboniferous  limestones  of  the  monnt- 
ains  that  stand  a  short  distance  to  the  westward,  and  which  must  once 
bare  formed  a  portion  of  the  shoreline  of  the  lake  filling  the  Green 
Biver  Basin. 

An  arm  of  this  Tertiary  lake  extended  up  Harris  Fork  of  the  Green 
Biver,  where  Green  River  and  Wahsatch  beds  are  found  in  horizontal 
position.  In  the  Green  Eiver  shales,  at  several  localities,  good  collec- 
tions of  fossil  fish  and  insects  were  found,  among  which  were  many  new 
species. 

The  region  of  the  Blackfoot  Eiver,  in  tjie  northwestern  part  of  the 
district,  is  covered  in  all  its  lowest  portions  with  flows  of  basalt  which 
had  their  origin  in  craters  that  still  show  between  the  Blackfoot,  Bear, 
and  Portnenf  Elvers.  The  pouring  out  of  this  basalt  must  have  occurred 
either  during  or  jnst  prior  to  the  present  period,  as  there  has  been  but 
little  if  any  change  in  the  surface  since  the  eruption.  On  the  Portnenf 
Biver  a  narrow  tongue  of  basalt  extends  almost  to  Snake  Eiver  Valley. 
The  snrfoce  of  this  basalt  slopes  somewhat,  but  not  so  much  as  the  pres- 
ent bed  of  the  Portnenf.  The  lower  valley  of  the  Portnenf  is  interesting 
from  the  fact  that  it  is  probably  one  of  the  ancient  outlets  of  the  great 
lake  that  once  filled  the  Salt  Lake  Basin  and  extended  across  into 
Cache  Valley,  In  Cache  Valley  and  Malade  Valley,  modem  Tertiary 
deposits  are  found  jutting  against  the  mountains,  and  in  the  central  por- 
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tions  of  the  valleys  they  Beem  to  pass  gradaally  into  the  more  modera 
deposits. 

The  iDteresting  soda-springs  at  the  bend  of  Bear  Kiver  were  carefully 
esamiued. 

AlthoDgh  the  area  surveyed  by  the  Green  Eiver  division  was  large, 
comprisiDg  about  13,000  square  miles,  large  collections  of  fossils  (many 
of  them  new)  were  made.  Kotes  were  obtained  for  the  preparation  of 
a  geological  map  of  the  area,  and  data  collected  for  the  elucidation  of 
many  interesting  problems  in  relation  to  the  age  of  the  mountains. 

Coal-outcrops  were  noted  at  a  number  of  localities,  on  some  of  the 
branches  of  the  Upper  Bear  River  and  of  Green  Eiver.  The  famous  salt- 
works on  a  branch  of  Salt  Biver  were  also  examined. 

Professor  St.  John  reports  the  Teton  district  to  be  one  of  great  inter- 
est. He  found  extensive  areas  covered  with  rocks  of  igneous  origin,  ba- 
salts, and  trachytes. 

The  Snake  lliver  plains  are  everywhere  floored  with  basaltic  rocks. 
They  extend  up  the  valley  of  the  Snake  as  far  as  the  lower  basin,  where 
tliey  are  succeeded  by  other  volcanics,  mainly  trachytes.  The  latter  are 
observed  inclining  at  greater  or  less  angles  and  appear  to  be  more  an- 
cient than  the  basalts.  The  Blackfoot  Valley  and  the  valley  depressions 
between  the  Blackfoot  Mountains  and  the  Caribou  Range  are  floored 
with  basalts  in  every  way  similar  to  those  occurring  in  the  Snake  River 
plains.    These  extend  southward  into  Dr.  Peale's  district. 

Ehyolitic  products  were  found  at  a  few  localities.  In  one  instance  the 
eruptive  matter  appears  as  a  dike  in  the  crest  of  a  low,  short  ridge  be- 
tween the  Blackfoot  and  Caribou  Ranges,  its  eruption  having  tilted  the 
sedimentary  deposits  into  an  anticlinal  ridge. 

In  Caribou  Mountain,  also,  interesting  phenomena  were  observed.  The 
uiouutain  is  a  mouoclinal  ridge,  made  up  of  sedimentaries,  between 
whose  strata  the  igneous  material  is  intruded,  appearing  from  a  distance 
like  veritable  beds  of  deposition,  while  the  bulk  of  the  west  portiou  of 
the  mountain  appears  to  consist  of  an  enormous  mass  of  eruptive  mat- 
ter thrust  up  from  below.  This  mountain  would  therefore  appear  to  be 
another  instance  of  local  outburst,  similar  to  those  brought  to  light  by 
the  survey  in  Western  and  Southwestern  Colorado. 

Extensive  areas  of  the  district  are  occupied  by  sedimentary  or  strati- 
iied  rocks,  which  were  referred  to  the  Lower  Silurian,  Carboniferous, 
Jura-Triassic,  Cretaceous,  and  Tertiary  ages.  These  rocks  have  been 
subjected  to  considerable  folding  and  displacements  in  the  different  por- 
tions of  the  district. 

One  of  the  most  interesting  discoveries  was  that  of  the  presence  of 
Qsb-remains  in  the  Lower  Carboniferous.  Several  forms  were  found, 
identical  with  or  closely  allied  to  Keokuk  species  of  the  genera  Cladodits, 
Petalodus,  Antkiodus,  and  Helodus. 

In  the  upper  basin  of  Snake  Kiver,  Tertiary  lacustrine  beds  occur. 
These  are  probably  the  equivalents  of  the  lake-beds  of  Dr.  Haydeu. 

Tlie  Teton  Range  was  examined  and  found  to  be  a  gigantic  mouoclinal 
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ridge,  with  a  metamorphie  and  granitic  nucleus,  wbich  forms  a  lofty, 
exceedingly  rugged,  jagged  crest,  estendiug  in  a  north  and  south  direc- 
tion three-fonrtbs  the  length  of  the  range,  culminating  in  Monnt  Haydeu. 

lu  Jacl^on's  Basin,  east  of  the  Teton  Bange,  a  vast  accumulation  of 
moraiual  matter  was  noted.  Along  the  west  side  of  the  basin,  extensive 
moraiual  accumulations  occur,  which  have  been  cut  into  beautiful  ter- 
races by  Suake  Eiver. 

Calcareous  tufa,  iudicating  the  presence  of  springs,  was  found  at  the 
month  of  Salt  Biver,  in  a  small  basin  east  of  Liucoln  Valley,  &c. 
None  of  these,  however,  are  comparable  with  the  enormous  spring  de- 
posits met  with  at  the  northeastern  foot  of  the  Wind  Eiver  Mountains, 
in  the  upper  portion  of  the  Wiud  River  Valley,  which  were  hastily  ex- 
amined late  in  the  season. 

The  geological  notes  given  above  present  only  the  salient  features  of 
the  season's  work. 

Paleontolotjy.^DaTiag  the  past  year  the  prosecution  of  paleontological 
iuvestigatiou  in  the  field  has  constituted  a  prominent  feature  of  the 
work.  This  investigation  embraces  not  only  a  collection  and  study  of 
the  fossil  remains,  but  also  the  application  of  such  study  to  the  correla- 
tion of  the  geological  formations  that  occupy  the  different  districts  that 
have  from  year  to  year  been  surveyed  by  various  parties.  Dr.  C.  A. 
White,  the  paleontologist  of  the  survey,  has  been  placed  in  chage  of  this 
branch  of  the  work,  which  he  pursued  in  the  field  daring  the  whole  of 
last  season.  The  region  studied  by  him  is  briefiy  as  follows :  That  por- 
tion of  the  great  plain  which  lies  adjacent  to  the  east  base  of  the  Bocky 
Mountains  between  Cheyenne  and  a  point  25  or  30  miles  south  of  Den- 
ver i  a  portion  of  Middle  Park ;  the  district  drained  by  Yampa  and 
White  Bivers  into  the  Green;  the  district  which  lies  adjacent  to  the 
southern  base  of  the  Uinta  range  of  mountains;  that  which  lies  adja- 
cent to  the  northern  side  of  those  mountains ;  a  large  part  of  the  Green 
Biver  Basin,  and  eastward  as  far  as  Bawllns  Station  on  the  Union 
Pacific  Bailroad. 

The  results  have  been  very  gratifying;  amoug  the  more  important  of 
which  is  the  definition  of  the  paleontological  boundaries  of  certain  of  the 
groups  of  strata,  especially  those  of  the  Laratnie  gronp,  over  a  large  area, 
including  both  sides  of  the  Bocky  Mountains.  He  has  demonstrated 
the  fact  that  at  least  the  lower  portion  of  the  Fort  Union  group,  the 
Lignitic  group  of  Colorado  east  of  the  Bocky  Mountains,  and  the  Lara- 
mie group  of  King  west  of  those  mountains,  including  the  great  Bitter 
Creek  series  of  beds,  all  belong  to  one  period,  and  which  are  included 
under  the  general  name  of  Laramie  gronp. 

In  the  valley  of  Lake  Fork  south  of  the  Uinta  Mountains,  he  found 
the  Bridger  group  well  exposed,  and  in  the  valley  of  the  Dn  Chesne,  the 
Green  Biver  group.  Both  these  groups  have  there  the  peculiar  litholog- 
ical  characteristics  that  distinguish  them  in  the  Green  Biver  Basin  north 
of  the  Uintas. 

Important  collections  of  fossils  were  made  by  Dr.  White,  comprising 
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■  maDy  new  forms,  and  also  mtioy  interestiag  types.  Some  importaot 
data  were  also  obtained,  showing  the  early  differentiation  and  extraor- 
dinary persistence  of  ft^sh-water  and  land  moUuscan  types.  A  discus- 
sion of  these  and  other  kindred  qaestions  will  appear  in  his  paleootolog 
ical  reports. 

Foaail  entomology. — Messrs.  S.  H.  Scndder,  of  Cambridge,  and  F.  0. 
Bowditch,  of  Boston,  spent  two  months  iu  Colorado,  Wyoming,  and 
Utah,  in  explorations  for  fossil  insects,  and  in  collecting  recent  Coleop- 
tera  and  Ortboptera,  especially  in  the  higher  regions.  They  made  large 
collections  of  recent  insects  at  different  points  along  the  railways  from 
Pneblo  to  Cheyenne  and  from  Cheyenne  to  Salt  Lake,  as  well  as  at  Lakin, 
Kans.,  Garland  and  Georgetown,  Colo.,  and  in  various  parts  of  the 
South  Park  and  sorroimding  region. 

For  want  of  time,  they  were  obliged  to  forego  an  anticipated  trip  to 
White  River,  to  explore  the  beds  of  fossil  insects  known  to  exist  there. 
Ten  days  were  spent  at  Greeu  Blver  and  vicinity  in  examining  the  Ter- 
tiary strata  for  fossil  insects,  with  bat  poor  results ;  the  Tertiary  beds 
the  Sontb  Park  yielded  but  a  single  determinable  insect,  but  near  Flo- 
rissant the  Tertiary  basin,  described  by  Dr.  A.  C.  Peale  in  the  annual 
report  of  the  survey  for  1873,  was  fonnd  to  be  exceedingly  rich  in  insects 
and  plants. 

Iu  company  with  Eev.  Mr.  Lakes,  of  Golden,  Mr.  Scadder  spent  several 
days  in  a  careful  survey  of  this  basin,  and  estimates  the  insect-bearing 
shales  to  have  an  extent  at  least  fifty  times  as  great  as  tbose  of  the 
famous  locality  at  Oeningen  in  Southern  Bavaria.  From  six  to  seven 
thousand  insects  and  two  or  three  thousand  plants  have  already  been 
received  from  Florissant,  and  as  many  more  will  be  received  before  the 
close  of  the  year. 

Mr.  Scudder  was  also  able  to  make  arrangements  in  person  with  par- 
ties who  have  found  a  new  and  very  interesting  locality  of  Tertiary  strata 
iu  Wyoming,  to  send  him  all  the  specimens  they  work  out,  and  he  con- 
fidently anticipates  receiving  several  thousand  Insects  from  them  in  the 
course  of  the  coming  winter.  The  specimens  from  this  locality  are  re- 
markable for  their  beauty.  There  is,  therefore,  every  reason  to  believe 
the  Tertiary  strata  of  the  ICocky  Mountain  region  are  richer  iu  remains 
of  fossil  insects  than  any  other  country  in  the  world,  and  that  within  a 
few  months  the  material  at  hand  for  the  elaboration  of  the  work  on  fossil 
insects,  which  Mr.  Scudder  has  in  preparation  for  the  survey,  will  be 
much  larger  than  was  ever  before  subject  to  the  investigation  of  a  single 
natnralist. 

Fossil  hotany. — Prof.  Leo  Lesqnereux  has  been  engaged  daring  the 
past  year  in  studies  of  the  tertiary  llora.  These  are  now  completed, 
and  his  monograph  has  been  issued  from  the  press. 

Botany. — The  botany  of  the  Survey  was  represented  the  past  season 
by  the  two  great  masters  of  that  department.  Sir  Josepk  D,  Hooker, 
director  of  the  Kew  Gardens,  England,  and  president  of  the  Royal 
Society  of  London }  and  Prof.  Asa  Gray,  of  Cambridge,  Mass.    Their 
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examinations  extended  over  a  great  portion  of  Colorado,  Wyoming,  Utah, 
Nevada,  and  Oalifornia.  Tlieir  investigation  into  the  Alpine  floias  and 
tree- vegetation  of  the  Bocky  Mountains  and  Sierra  Nevada  enabled  tlicm 
to  give  a  clear  idea  of  the  relations  and  induence  of  the  climatic  coadi- 
tions  oil  both  sides  of  the  great  mountain-ranges. 

Sir  Joseph  Hooker,  whose  botanical  researches  embrace  the  greater 
part  of  Europe;  the  Indies,  from  the  Baj  of  Bengal  across  the  Hima- 
laya's to  Thibet;  the  antarctic  regions  and  the  southern  part  of  South 
America,  TSew  Zealand,  Australia,  South  Africa,  Morocco,  and  Asia 
Minor,  presents  in  the  English  periodical  "  Nature,"  for  October  25, 1S77, 
an  outline  of  bis  studies  during  the  season,  and  this  outline,  when  filled 
out,  will  form  a  most  important  part  of  the  eleventh  anunal  Beport  of  the 
Survey.  It  will  be  seen  at  a  glance  that  the  report  will  be  of  the  most 
comprehensive  character,  and  cannot  fail  to  be  of  the  highest  interest 
to  our  people.  The  tree- vegetation,  and  especially  the  coniferse,  were 
made  special  objects  of  study,  and  many  obscure  points  were  cleared  up. 

Dr.  Hooker  sums  up  the  results  of  the  joint  investigations  of  Dr.  Gray 
and  himself,  aided  by  Dr.  Gray's  previously-intimate  kuowledge  of  the 
elements  of  the  American  flora,  from  the  Mississippi  to  the  Pacific  coast : 

That  the  vegetation  of  the  middle  latitodee  of  the  continent  rwolvea  itself  into  three 

principal  meridional  floras,  incomparably  more  diverse  than  those  presented  by  any 

similar  meridians  in  the  Old  World,  being,  in  fact,  as  far  aa  the  trees,  shrubs,  aod  many 

.  genera  of  herbaceons  plants  are  concerned,  ahaolately  distinct.    These  are  the  two 

bnmid  and  the  dry  intermediate  regions  above  indicated. 

Each  of  these,  again,  ia  snbdiviaible  into  three,  as  follows : 

1.  The  Atlantic  slope  pins  Mississippi  region,  snbdivisible  into  (o)  an  Atlantic,  (^) 
II  Mississippi  Valley,  and  (j-)  an  interposed  mountain  region  with  a  temperate  and  sub- 
alpine  flora. 

Q.  The  Pacific  slope,  sabdi  visible  into  (a)  a  very  hnmid,  cool,  forest-clad  coast  range; 
(j3)  the  great,  hot,  drier  Californiaii  valley  formed  by  the  San  Jnan  Biver  flowing  to 
the  north  and  the  Sacramento  River  flowing  to  the  aontfa,  both  into  the  Bay  of  San 
Francisco;  and  (y)  the  Sierra  Nevada  flora,  temperate,  anbalpine,  and  Alpine. 

3.  The  Rocky  Monntiin  region  (in  its  widest  sense  extending  from  the  Mississippi 
beyond  its  forest  region  to  the  Sierra  Nevada),  subdivisible  into  (□)  a  prairie  flora, 
(^)  a  desert  or  a  saline  flora,  (7)  a  Rocby  Monntain  proper  flora,  temperate,  snbatpine, 
and  Alpine. 

As  alHJve  stated,  the  difference  between  the  floras  of  the  first  and  second  of  these  re- 
gions is  specifically,  and  to  a  great  extent  generically,  absolute ;  not  a  pine  or  oak, 
maple,  elm,  plane,  or  birch  of  Eastern  America  extends  to  Western  America;  and  genera 
of  thirty  to  fifty  species  are  confined  to  each.  The  Rocky  Mountain  region  again,  though 
abandantly  distinct  from  both,  has  a  few  elements  of  the  eastern  region  and  still  mure 
of  the  western. 

Many  interesting  facts  connected  with  the  origin  and  distribntinn  of  American  plants, 
and  the  introdnctioD  of  the  various  types  into  three  regions,  presented  themselves  to 
our  observations  or  onr  minds  during  our  wanderings.  Many  of  these  are  suggestive  of 
comparative  study  with  the  admirable  results  of  Hcer's  and  Lesquereux's  investiga- 
tions into  the  Pliocene  and  Miocene  plants  of  the  north  temperate  and  frigid  zones, 
and  which  had  already  engaged  Dr.  Gray's  attention,  as  may  bo  found  in  his  various 
pablications.  No  less  interesting  are  the  traces  of  the  influence  of  a  glacial  and  a 
warmer  period  in  directing  the  course  of  migration  of  arctic  forms  sonthnard  and 
Mexican  forms  northward  in  the  contineat,  and  of  the  effects  of  the  great  body  of 
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water  that  occupied  the  whole  saliDe  region  daring  (as  it  wonld  appear)  a  glacial 
period. 

Lastly,  carious  information  waa  obtained  reapectiDg  tbe  ages  of  not  only  the  big 
trees  of  California,  but  of  equaUy  aged  pines  and  jnnipera,  which  are  proofs  of  that 
duration  of  existing  couditiona  of  climate  for  which  evidence  has  hitherto  been  sought 
rather  among  fossil  than  among  living  organisms. 

Zoology. — Prof.  Joseph  lieidy,  the  eminent  comparative  anatomist  and 
microscopist,  made  his  second  visit  to  the  West  the  past  season  nnder 
the  aaspices  of  the  Survey.  He  made  a  careful  exploration  of  the  coun- 
try about  Fort  Bridger,  Uinta  Mountains,  and  the  Salt  Lake  Basin,  in 
search  of  rhizopods.  He  has  been  engaged  for  a  long  time  on  a  memoir 
on  this  subject,  which  will  eventually  form  one  of  the  series  of  the  quarto 
Keporta  of  the  Survey. 

The  rhizopods  are  the  lowest  and  simplest  forms  of  animals,  mostly 
minute,  and  requiring  high  power  of  the  microscope  to  distinguish  their 
structure.  "While  most  of  them  construct  shells  of  great  beauty  and 
variety,  their  soft  part  consists  of  a  jelly-like  substance.  This  the  ani- 
mal baa  the  power  of  extending  in  threads  or  fiuger-Iike  processes,  which 
are  used  as  organs  of  locomotion  and  prebensiou,  often  branobing. 
From  the  appearance  of  their  temporary  organs,  resembling  roots,  the 
class  of  animals  has  received  Irs  name  of  rhizopoda,  meaning  literally 
root-footed. 

Id  compensation  for  the  smallness  of  these  creatures,  they  make  up 
iu  numbers,  and  it  is  questionable  whether  any  other  class  of  animals 
exceeds  them  in  importance  iu  tbe  economy  of  nature.  Geological  evi- 
dence shows  that  they  were  the  starting-point  of  animal  life  in  time,  and 
their  agency  in  rock-making  has  not  been  exceeded  by  later  higher  and 
more  visible  forms, 

With  the  marine  kind,  known  as  foraminifera,  we  have  been  longest 
iamiliar.  Their  beautiful  many-chambered  shells — for  the  most  part 
just  visible  to  the  naked  eye — form  a  large  portion  of  the  oceaa-mnd 
and  the  sands  of  the  ocean-shore.  Shells  of  foraminifera  likewise  form 
tbe  basis  of  miles  of  strata  of  limestone,  such  as  the  chalk  of  Euglaud 
and  the  limestones  of  which  Paris  and  the  pyramids  of  Egypt  are  built. 
.  Fresh-water  rhizopods,  though  not  so  abundant  as  marine  forms,  are 
nevertheless  very  numerous.  They  mainly  inhabit  our  lakes,  ponds,  and 
standing  waters,  but  they  also  swarm  in  sphagnous  swamps  and  ever 
live  in  newest  earth.  Professor  Leidy  has  devoted  several  years  of 
etndy  to  the  fresh-water  rhizopods  of  the  eastern  portion  of  our  country, 
and  his  especial  object  in  the  past  expedition  was  to  investigate  those 
which  are  to  be  found  in  the  elevated  regions  of  the  Rocky  Mountains, 

Dr.  Elliott  Coues,  secretary  and  naturalist  of  the  Survey,  though  pre- 
vented from  taking  the  field  during  1877  by  the  press  of  publications, 
which  required  his  stay  at  the  Washington  ofQce,  has  continued  his  in- 
Teetigatious  in  Mammalogy  and  Ornithology.  The  printingof  the  "  Birds 
of  the  Colorado  Basin"  has  steadily  progressed  during  tbe  year,  and  very 
great  accessions  of  material  for  his  forthcoming  Report  "OQ  l^orth  Ameri- 
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can  Mammalogy  have  been  received.  He  is  at  preseDt  mveatigating  tbe 
lasectivora  of  North  America,  witb  a  view  to  a  special  monograph  on 
that  subject. 

Mr.  J.  A.  AIIhi  is  eugaged  upon  an  exhaustive  memoir  on  the  PiuDi- 
peds,  to  be  probably  completed  this  year. 

Dr.  Cones  reports  unusual  activity  in  the  department  under  his  charge, 
and  a  very  forwanl  state  of  the  several  investigations  uow  in  progress. 

Archaology. — Mr.  W.  H.  Jacltson,  photographer  of  the  Survey,  has 
added  to  his  department  the  work  of  reproducing  the  ancient  ruins  of 
Southwestern  Colorado,  &c.,  by  models.  Specimens  of  theancient  pottery 
are  also  represented,  not  only  by  photographs,  but  also  by  actual  models. 

In  the  spring  of  1877,  Mr.  Jackson  made  a  tour  over  much  of  the 
□ortherD  part  of  ^ew  Mexico  and  westward  to  the  Moqai  towns  in 
Arizona,  and  secured  materials  for  a  number  of  very  interesting  models, 
illnstratiug  the  methods  of  the  pueblos,  or  town-builders,  in  the  con- 
struction of  their  dwellings.  Two  villages  have  been  selected  for  imme- 
diate construction,  as  showing  the  most  ancient  and  best-known  exam- 
ples of  their  peculiar  architecture,  viz,  Taos  and  Acoma ;  the  one  of 
many-storied,  terraced  houses,  and  the  other  built  high  upon  an  impreg- 
nable rock.  The  model  of  Taos  is  now  completed,  the  dimensions  of  which 
are  i2  by  39  inches,  and  the  scale  one  inch  to  twenty  feet,  1:240. 

Of  this  town  Davis  says : 

It  ia  tbe  best  sample  of  the  ancient  mode  of  bnilding.  Here  are  two  large  bonscs 
three  or  four  bandred  faet  in  length  and  abont  one  hundred  and  fifty  feet  wide  at  the 
base.  The;  are  wtnated  apoa  opposite  sides  of  a  amall  creek,  aad  in  ancient  times 
are  said  to  have  been  connected  by  a  bridge.  They  are  five  and  six  Htoriea  high,  each 
story  receding  from  the  one  below  it,  and  thus  forming  a  stmotnre  terraced  from  top 
to  bottom.  Each  story  ia  divided  into  numerona  little  compartments,  the  onter  tier 
of  rooms  being  lighted  by  small  windows  in  the  sides,  while  tboae  ia  tbe  interior  of  tbe 
bnildiog  are  dark,  and  are  principally  nsed  aa  atore-rooma.  •  ■  •  The  only  means 
of  entrance  is  throagh  a  trap-door  in  the  roof,  and  yon  ascend  from  atory  to  story  by 
means  of  ladders  ou  the  oatride,  which  are  drawn  up  at  night. 

Their  contact  with  Europeans  has  modified  somewhat  their  ancient 
style  of  buildings,  principally  in  sabstituting  doorways  in  the  walls  of 
their  honses  for  those  in  tbe  roof.  Their  modern  buildings  are  rarely 
over  two  stories  in  height,  and  are  not  distinguishable  from  those  of 
their  Mexican  neighbors.  The  village  is  surrounded  by  an  adobe  wall, 
vrhich  is  first  included  within  the  limits  of  the  model,  and  incloses  an 
area  of  eleven  or  twelve  acres  in  extent.  Within  this  limit  are  four  of 
their  estufas,  or  secret  council-houses.  These  are  circular  underground 
apartmeots,  with  a  narrow  opeuing  in  the  roof,  surrounded  by  a  pali- 
sade ;  ladders  being  nsed  to  go  in  and  oat. 

These  models  are  first  carefully  built  up  in  clay,  in  which  material  all 
the  detail  is  readily  secured,  and  then  cast  in  piaster,  a  mold  being 
secured  by  which  they  are  readily  multiplied  to  any  extent.  They  are 
then  put  into  the  bands  of  the  aitista  and  carefully  colored  in  solid  oil 
paints  to  accurately  resemble  their  appearance  in  natnre,  and,  in  the 
case  of  restorations  of  modern  buildings,  all  the  little  additions  are  made 
5  s    ' 
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vhich  will  give  them  the  appearance  of  occupation.  The  Snrvey  is  in 
possession  of  the  data  for  the  constraction  of  many  more  models,  aod 
they  will  be  broagbt  out  as  opportunity  is  given.  They  have  also,  in 
connection  with  the  views,  multiplied  many  of  the  curious  pieces  of  pot- 
-  tery  which  have  been  brought  back  from  that  region  by  the  various 
parties  couuected  with  the  Survey. 

Office  work  in  1877. — The  early  part  of  the  year  in  the  office  was 
devoted  to  the  completion  of  the  Colorado  work,  and  the  latter  part  was 
occupied  in  working  np  the  summer's  notes. 

During  the  summer,  Mr.  W.  H.  Holmes  remained  in  the  office,  super- 
intending the  publication  of  the  Atlas  of  Colorado,  which  is  now  rapidly 
approaching  completion.  A  large  portion  of  the  time  was  devoted  by 
him  to  the  preparation  of  the  "  Economic  Map,"  the  "  General  Geological 
Map,"  the  "Geological  Sections,"  and  the  "Panoramic  Views."  Thefol- 
lowiug  are  the  sheets  included  in  the  Atlas  of  Colorado ! 
I.  Triuogulation  Map. 
II.  General  Drainage  Map. 

III.  Economic  Map. 

IV.  General  Geological  Map. 

V.  Northwestern  Colorado,  XL  Northwestern  Colorado. 

VI.  Northern  Central  Colorado.  XII.  Northern  Central  Colorado. 
VII.  Central  Colorado.  XIII.  Central  Colorado. 

VIII.  Western  Colorado.  XIV.  Western  Colorado. 

IX.  Southwestern  Colorado.  XV.  Southwestern  Colorado, 

X,  Southern  Central  Colorado.      XVI.  Southern  Central  Colorado. 

XVII  &  XVIII.  Geological  Sections. 

XrX  &  5X.  Panoramic  Views. 

PublicatioTis. — The  year  1877  witnessed  a  marked  increase  in  the  num- 
ber of  publications  of  the  Survey,  no  fewer  than  nine  separate  and  formal 
works  having  been  issued.    These  are  enumerated  as  follows: 

1.  Catalogue  of  tbe  publications  of  the  Survey  (second  edition,  revised 
to  December  31,  1876). 

3.  The  annnal  report  for  1876,  a  large  octavo  of  over  800  pages,  fully 
illustrated  with  plates,  maps,  and  wood-cuts,  giving  tbe  results  of  the 
field-work  of  the  year  1875,  with  an  extensive  appendix,  consisting  of 
J.  A.  Allen's  Memoir  on  the  Buffalo,  and  A.  S.  Packard's  Report  on 
Noxions  and  Beneficial  Insects. 

3.  A  preliminary  report  of  progress  for  the  field-season  of  1877,  formieg 
part  of  the  annual  report  of  the  Secretary  of  the  Interior  for  1877.  The 
full  reports  for  the  years  1876  and  1877  are  in  press,  and  will  form  two 
large  octavo  volumes. 

4.  Volume  III  of  the  "Bulletin  ^  of  the  Survey,  containing  very  nu- 
merous articles  in  various  departments  of  physical  and  biological  science- 

5.  The  fourth  edition  of  misoellaneous  publications  No.  1,  being  "  Lists 
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of  Elevations,"  &c.,  by  Heory  Gannett,  entirely  revised  and  greatly  en- 
larged, DOW  forming  an  independent  octavo  volome  of  1C7  pages. 

G,  Miscellaneous  pablicatious  No.  7,  "  Ethnograpby  and  Philology  of 
the  Hidatsa  Indiaua,"  by  Dr.  Washington  Matthews,  U.  S.  A. 

7.  Miscellaneous  pnblicatlons  S"o.  8,  "  Fur-bearing  Animals :  a  mono- 
graph of  North  American  Mnstelidie,"  by  Dr.  Elliott  Coues,  XJ.  S.  A, 

8.  Miscellaneous  publications  No. 9,  "Descriptive  Catalogue  ofPhoto- 
grapbs  of  North  American  Indians,"  by  W.  H,  Jackson. 

9.  Eleventh  volume  of  Final  Beporta,  quarto  series,  "Monograph  of 
North  American  Rodentia,"  by  Dr.  Elliott  Cones,  U.  S.  A.,  and  Prof. 
J.  A.  Allen,  forming  a  large  quarto  volume  of  1110  pages,  with  plates. 

Various  publications,  including  Leo  Lesquereux's  Tertiary  Flora,  to 
form  Volume  VII  of  the  quarto  series,  several  numbers  of  the  Bulletin, 
miscellaneous  pnblicatious,  and  two  annual  reports  are  now  in  press. 

GEOQEAPHICAL  AND  «EOLOGICAL  SUETET  OF  THE  EOCKT  MOXINTAIM 
REGION,  BY  PEOF.  J.  W.  POWELL,  IN  1877. 

About  the  middle  of  May  last,  the  surveying  corps  again  took  the 
field.  This  year  the  rendezvous  camp  was  at  Mount  Pleasant,  a  little 
town  in  Utah,  about  125  miles  south  of  Salt  Lake  City.  Three  parties 
were  organized,  under  the  direction  of  Prof.  A.  H.  Thompson;  one  to 
extend  the  triangulatiou,  and  two  for  topographic  purposes,  the  latter 
being  under  charge  of  Mr.  W.  H.  Graves  and  Mr.  J.  H.  Benshawe,  re- 
spectively, and  the  former  under  the  immediate  diiection  of  Professor 
Thompson,  assisted  by  Mr.  O.  D.  Wheeler. 

The  area  designated  for  the  season's  work  lies  between  38^  and  40° 
30'  north  latitude,  and  between  109°  30'  and  112'^  west  longitude,  Greeu- 
wich,  and  is  embraced  io  atlas  sheets  86  and  75. 

Triangulation. — The  triangulatiou  party  left  Mount  Pleasant  in  June. 
The  work  of  this  year  being  a  continuation  of  the  expansion  from 
the  Gnunison  base-line,  measured  in  1374,  it  was  desirable  to  first  visit 
some  of  the  geodetic  points  established  In  previous  years,  but  the 
unprecedented  amount  of  snow  yet  remaining  in  the  high  plateaus  and 
mountains  rendered  this  impracticable,  and  the  first  part  of  the  season 
was  spent  in  establishing  stations  on  the  Ta-v4-puts  Plateau  west  of  the 
Green  Elver,  In  midsummer  the  party  was  able  to  visit  the  high  plat«aus 
and  connect  the  work  of  past  years  with  that  of  this  season.  Later  the 
triangulatiou  was  extended  to  the  east,  joining  the  work  of  the  United 
States  Geological  and  Georaphical  Survey  of  the  Territories,  under 
charge  of  Dr.  F.  V.  Hayden,  and  to  the  north  to  join  the  work  of  the 
United  States  Geological  Exploration  of  the  Fortieth  Parallel,  Clarence 
King,  United  States  geologist,  in  charge.  The  whole  area  of  the  sea- 
son's work  embraces  something  more  than  13,000  square  miles.  The 
iostrument  used  was  the  theodolite,  hereafter  described.  The  points 
Bigbted  to  on  the  geodetic  statious  were  either  artificial  monuments  or 
well-defined  natural  poiuts,  and  all  stations  were  marked  by  stoue  cairus. 
Topographic  work  by  Mr,  Graves. — The  district  assigned  to  Mr.  Graves 
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for  topograpbic  work  was  that  embraced  in  tbe  eastern  balf  of  atlas 
elieet  75,  and  tbat  portion  of  sbeet  86  lying  east  of  the  Green  and 
Colorado  Bivers,  an  area  of  aboat  10,000  square  miles.  Tbe  most  re- 
marbahle  topographic  feature  of  this  region  is  a  bold  escarpment  facing 
the  south,  and  extending  from  the  western,  far  beyond  the  eastern  limit 
of  Mr.  Graven'  work.  This  is  known  as  the  Book  Cliffs.  At  the  foot 
of  this  escarpment  lies  a  narrow  valley,  through  which  passes  the  only 
practicable  route  of  travel  between  Central  Utah  and  Western  Colorado. 
South  of  tbe  valley  the  whole  region  is  cut  by  a  labyrinth  of  cations, 
formed  by  the  Grand,  Green,  and  San  Rafael  Elvers  and  their  tribu- 
taries. This  region  is  one  of  tlie  most  inhospitable  and  inaccessible  in 
the  territory  of  the  United  States.  It  is  cliaracterized  by  extreme 
aridity,  and  some  portions  are  cut  by  many  narrow  gorges,  forming 
"  alcove  lands."  In  other  portions  are  found  hills  of  naked  sands  and 
clays,  regions  of  bad  lands,  bold  cliEfs,  towering  monuments,  hills  of 
drifting,  glittering  sands,  and  deep,  tortuous  canons,  which  give  to  the 
landscape  a  strange  and  weird  appearance. 

The  Book  Clififd  rt»e  to  an  average  altitude  above  their  base  of  3,000 
feet,  and  about  8,500  feet  above  tbe  sea-level,  and  the  country  from  the 
southern  crest  inclines  gently  northward  to  tbe  valleys  of  the  White  and 
Uinta  Rivers.  This  gigantic  terrace,  called  the  Ta-v4-pnts  Platean,  is 
cut  in  twain  from  north  to  south  by  the  profound  gorges  through  which 
tbe  Green  Eiver  runs,  known  as  the  Canon  of  Desolation  and  Gray 
Canon.  The  drainage  of  the  platean  is  northward  from  the  brink  of 
tbe  cliffs  through  deep,  narrow  canons  for  many  miles,  but  at  last  all 
these  enter  CaQou  of  Desolation  a  few  miles  from  its  head.  North  of 
the  Ta  vdputs  Plateau  are  the  valleys  of  the  White  and  Uinta  Rivers. 
Nearly  all  the  former  and  a  large  portion  of  the  lower  course  of  tbe 
latter  are  within  the  boundaries  of  Mr  Graves'  work. 

Over  the  whole  district  assigned  to  Mr.  Graves  he  extended  the 
secondary  triangulation.  Owing  to  the  peculiar  topography  of  the 
country,  his  stations  will  average  about  twelve  miles  apart.  He  also 
made  a  connected  plane-table  map  of  the  whole  area,  and  complemented 
his  work  with  orographic  sketches. 

In  the  southern  portion  of  the  area  surveyed  by  Mr.  Graves,  consider- 
able bodies  of  Irrigable  lands  are  found  along  the  Grand,  Green,  San 
Rafael,  and  Price  Rivers,  and  in  the  northern  part,  along  the  Green 
River  and  in  tbe  valleys  of  the  Uinta  and  White  Rivers,  are  other  large 
tracts,  on  which  the  waters  of  the  streams  named  can  be  conveyed  at 
slight  cost.  Mr.  Graves  determined  tbe  extent,  character,  and  location 
of  these  lands,  and  the  amount  of  water  carried  by  the  streams  throagh- 
out  the  area  embraced  in  his  work. 

On  the  Ta-vA-puts.Platean  are  small  forests  of  pine  and  fir,  but  gener- 
ally Mr.  Graves'  district  possesses  no  more  timber  than  sufBcieut  to 
meet  the  futare  local  requirements  of  actual  settlers. 

Topographic  worJc  by  Mr,  Kensliaire, — The  district  assigned  Mr.  Ren- 


■  Cooc^lc 


APPENDIX  TO  EEPOET  OP  THE  SECRETARY.        69 

shawe  was  tbat  embraced  la  tbe  westera  portion  of  atlas  sheet  75,  aa 
area  of  about  6,000  sqnare  miles.  The  eastern  portion  of  this  area  is  a 
broad  table-land  called  the  Wasatch  Plateau,  having  an  average  eleva- 
tion of  about  9,500  feet,  cnt  by  deep  valleys  and  drained  from  its  very 
western  edge  toward  the  east  by  the  Fremont,  San  Bafael,  and  Uinta 
Bivers.  The  western  portion  inclades  broad  valleys,  abrupt  ranges  of 
monntains,  and  one  plateaa  of  considerable  extent.  Tbe  principal  val- 
leys in  this  part  are  tbe  San  Fete,  Juab,  and  Utah  all  having  a  general 
northern  and  southern  trend,  an  average  elevation  of  about  5,000  feet, 
and  all  are  draioed  by  the  San  Pete  River  and  the  streams  flowing  into 
Utah  Lake.  Tbe  mountain-ranges  standing  between  the  valleys  are  the 
AVasatch,  rising  in  its  highest  peaks  to  12,000  feet,  the  Lake  Mountains, 
and  the  Tiutic  Hills,  each  reaching  an"  altitude  of  nearly  7,500  feet. 

The  tableland  called  G-nnnison  Plateau  has  au  area  of  about  750 
square  miles,  and  an  average  elevation  of  8,000  feet.  It  is  bounded  on 
tliree  sides  by  almost  vertical  walls,  aud  is  extremely  rugged  and  diffi- 
cult to  traverse. 

There  is  but  little  irrigable  land  in  the  eastern  portion  of  Mr.  Een- 
shawe's  district,  but  the  broad  valleysof  tbe  western  portion  contain  large 
areas  of  excellent  lands,  and  the  numerous  streams  furnish  a  good  sup- 
ply of  water.  Mr.  Beushawe  determined  tbe  volume  of  water  in  every 
considerable  stream,  aa  well  as  the  extent  and  localities  of  the  irrigable 
lands,  throughout  his  district. 

On  the  plateaus  and  monntaio-ranges  are  large  quantities  of  excellcDt 
timber.  On  the  head-waters  of  Price  Eiver  and  on  Huntington  Creek 
are  extensive  beds  of  coal,  and  on  that  portion  of  the  Wasatch  Bange 
iucluded  iu  Mr.  Benshawe's  district  are  deposits  of  silver  and  galena. 

Mr.  Benshawe  extended  tbe  secondary  triangulatiou  over  tbe  whole 
district  assigned  him,  making  stations  at  an  average  distance  of  about 
eight  miles,  and  measuring  all  the  angles  of  nearly  every  triangle  in  the 
extension.  He  also  made  a  connected  plane-table  map  of  tbe  whole 
area,  and  complemented  his  work  with  a  complete  set  of  orographic 
sketches. 

Sypsometry. — ^Tbe  hypsometric  work  of  this  season  rests  on  a  primary 
base  established  at  the  general  supply  and  rendezvous  camp  at  Mount 
Pleasant,  and  connected  by  a  long  series  of  observations  with  tbe  sta- 
tion of  the  United  States  Signal  Service  at  Salt  Lake  City.  At  the  base- 
station  observations  were  made  with  mercnrial  barometers  four  times 
each  day,  and  for  eight  days  during  the  month  hoarly  from  7  a.  m.  to  9 
p.  m.  Mercurial  barometers  were  carried  by  each  field-party  and  obser- 
vations made  to  connect  every  camp  with  the  base-station.  All  the 
geodetic  points  and  topographic  stations  were  connected  by  observa- 
tions with  mercurial  barometers  either  with  tbe  camps  or  directly  with 
the  base-station  or  both.  All  the  topographic  stations  were  also  con- 
uected  with  each  other  by  angulation,  and  from  these  stations  tbe  alti- 
tudes of  all  located  points  were  determined  by  the  same  method. 
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liistruments — Bme-measuring  apparatus. — The  apparatus  used  in  meas- 
uring the  base-lioes  from  which  the  primary  triangalation  la  developed 
consists  esseotially  of  wooden  rods  aligned  and  leveled  on  movable 
trestles  or  tripods,  the  contact  being  made  by  coiucidence  of  lines  in- 
stead of  by  direct  abutment. 

The  rods  are  15  feet  loug,  one-half  of  an  inch  square,  thoroughly  dried, 
oiled,  and  varnished ;  tboy  are  supported  in  cases  made  truss-form  to 
prevent  sagging,  and  moved  in  these  cases  to  make  the  contact  by  a 
rack  and  piuiou  motion.  Both  ends  of  the  rod  are  shod  with  a  plate  of 
brass  firmly  fixed  upon  and  half  the  width  of  the  rod,  or  one-fourth  of 
an  inch,  and  so  arranged  that  the  plate  upon  the  forward  end  of  any  rod 
projects  by  the  plate  upon  the  rear  end  of  the  preceding  one  in  such  a 
manuer  that  both  rods  are  in  the  same  straight  line.  The  line  of  coinci- 
dence is  marked  upon  both  plates  aud  contact  is  determined  by  a  mag- 
nifier. 

A  delicate  spirit-level  is  attached  to  each  case  to  adjust  it  horizontally 
and  a  thermometer  inserted  to  determine  the  temperature  of  the  rod. 
Two  steel  pins,  by  which  the  rods  are  aligned,  are  fixed  on  the  cases 
directly  over  the  center  of  the  ends  of  the  rods, 

The  tripods  (or  stands  upon  which  the  cases  carrying  the  rods  rest) 
have  short  doable  legs  of  the  usual  construction.  Firmly  fixed  upon  the 
tripod-heads  are  two  uprights  upon  which  a  sliding  cross-piece  is  clamped 
by  thumb-screws.  Above  this  cross  piece,  parallel  to  and  carried  with 
it,  is  a  second,  which  can  be  moved  up  or  down  three-fourths  of  an  inch 
by  means  of  a  long  slender  wedgo  working  between  the  cross-pieces, 
aud  furnisbiug  an  easy  means  of  making  the  final  adjustment  of  the 
rods  iu  level.  The  uprights  are  several  inches  apart,  and  give  sufficient 
range  to  align  the  rods,  which  is  done  by  a  theodolite  placed  in  advance 
upon  the  Hue  to  be  measured.  Two  or  three  rods  and  six  or  eight  tri- 
pods are  used.  The  rotis  are  kept  in  a  horizontal  position,  and,  when  the 
jneqnalities  of  the  ground  demand,  vertical  ofEsets  are  made  with  a  the- 
odolite. The  Hue  is  first  ranged  out,  and  stakes  set  SOO  feet  apart  along 
its  length,  then,  with  six  men  to  work  the  apparatus,  3,009  feet  per  day 
can  be  measured  wilb  all  the  accuracy  the  refinements  of  the  triangu- 
lation  demand. 

Theodolite. — The  theodolite  used  in  the  triangulation  is  of  a  new  pat- 
tern, embracing  a  number  of  improvements  demanded  by  the  character 
of  the  work.  So  far  as  possible  the  number  of  parts  has  been  reduced 
by  casting  in  a  single  piece  parts  that  are  usually  combined  by  screws. 
In  this  manner  the  liability  to  derangement  incident  to  the  vicissitudes 
of  mountain  work  is  greatly  reduced.  The  telescope  has  been  enlarged 
as  compared  with  the  graduated  circle,  so  as  to  make  its  defining  power 
bear  a  greater  proportion  than  usual  to  the  refinement  of  graduation. 
The  object-glass  has  an  aperture  of  two  inches  and  a  focal  length  of 
twenty.  The  horizontal  circle  is  ten  inches  in  diameter,  and  reads  by 
double  verniers  to  five  seconds  of  arc.    The  vertical  circle  is  five  iucbes 
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ia  diameter  and  reads  to  one  minute.  Tbe  inBtrntuent  also  embraceB 
other  improvements  designed  to  secure  greater  stability,  with  ease  and 
rapidity  in  manipulation. 

Plane-Table, — In  the  topographic  worli  the  gradieutor  and  sketch-book 
have  been  superseded  by  the  plane-table  and  the  orograph.  The  plane- 
table  in  use  is  of  a  pattern  designed  by  Professor  Thompson  especially 
for  work  of  this  character.  The  drawing-board  is  made  of  a  series  of 
slats  firmly  fixed  to  canvas  in  such  manner  that  it  can  be  rolled  into 
small  compass  for  transportation  ;  but  when  unrolled  for  work  it  is  so 
secured  by  cross-pieces  and  screws  that  great  stability  is  attained. 
When  in  use  it  is  fastened  to  the  platen  of  the  orograph.  The  position 
of  important  features  in  the  topography  is  fixed  with  an  alidiide  by  the 
usual  methods  of  intersection  aud  resection.  Details  are  placed  directly 
upon  the  map  while  they  are  still  under  the  eye  of  the  topographer,  and 
much  of  the  labor  and  nncertainty  of  description  by  notes  is  aToided, 
and  the  experience  of  fire  years  in  its  use  has  demonstrated  that  the 
plane-table  as  modified  is  equally  well-adapted  to  regions  of  mountains/ 
hills,  plains,  or  plateaus.  The  sketches  produced  are  actual  maps  and 
not  mere  map  material.  They  need  only  to  be  ai^usted  in  couformity 
with  the  triangalation,  and  but  slight  adjustment  is  necessary.  And  it 
has  been  further  demonstrated  that  a  topographer  in  one  field-season 
can  extend  his  work  over  an  area  of  about  7,000  square  miles  with  all 
the  accuracy  necessary  for  the  scale  adopted  by  the  Interior  Depart- 
ment for  the  physical  atlas  of  the  Bocky  Mountain  Region,  i.  e.,  a  scale 
of  four  miles  to  the  inch. 

Orograph. — The  orograph  is  an  instrument  new  to  topographic  survey- 
ing, adapted  to  tbe  requirements  of  this  work  by  Professor  Thompson. 
It  consists  essentially  of  a  telescope  erected  above  a  platen  or  drawing- 
board,  on  which  the  movements  of  its  optical  axis  are  recorded.  The 
telescope  rotates  about  a  vertical  and  about  a  horizontal  axis,  similarly 
to  the  telescope  of  a  theodolite,  andis  connected  by  simple  mechanisni 
with  a  pencil  which  rests  on  a  sheet  of  paper  fixed  to  the  platform. 
"When  the  topographer  moves  the  telescope  so  as  to  carry  its  optical 
axis  over  the  profiles  of  the  landscapes  the  pencil  traces  a  sketch  of 
the  same.  This  sketch,  being  mechanically  produced,  is  susceptible 
of  measurement,  and  is  a  definite  and  authoritative  record  of  the  angular 
relations  of  the  objects  sketched.  The  instrument  is  also  furnished  with 
graduated  circles,  on  which  horizontal  and  vertical  angles  may  be  read 
to  the  nearest  half  minute,  and  these  circles  are  used  for  the  secondaiy 
triaugulation.  The  orograph  and  plane-table  are  used  coqjointly,  and 
their  results  furnish  data  for  the  production  of  contour  m^s.  It  is 
believed  that  by  their  introduction  Uie  quality  of  topographic  work  has 
been  much  improved  without  addition  to  its  cost.  "When  a  topographer 
takes  the  field  with  these  two  instTaments  and  plane-table  sheets  on 
which  the  primary  triangalation  has  been  previously  plotted,  he  returns, 
with  a  map  on  which  all  of  the  geographic  features  to  be  dellaeated 
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have  beea  determiDed  b;  tbeir  aagalar  relations,  and  the  Bceuic  char- 
actdiistics  necessary  to  give  proper  effect  to  the  maps  have  been  oat- 
lioed  by  iDstramental  means.  In  this  manner  the  subsequent  coDatmc- 
tion  of  maps  at  the  ofBce,  ready  for  thn  engraver,  is  reduced  to  a 
minimam  of  labor,  while  for  the  proper  accuracy  the  topographer  is  not 
necessitated  to  resort  to  his  memory  for  the  appearance  of  the  land* 
Mcape,  but  only  to  the  definite  record. 

Barometers. — The  iuatraments  used  iu  the  hypsometric  work  are  Green'd 
mercurial  mountain  barometers,  Green's  psyclirometers,  and  aneroid  bar- 
ometers of  the  usual  construction. 

Cartography. — Miicb  attention  has  been  given  to  this  subject  for  the 
purpose  of  determining  the  best  method  of  representing  the  topography 
of  the  region  surveyed,  taking  into  consideration  the  character  of  the 
country,  the  more  important  facts  to  be  embodied,  and  the  scale  adopted 
for  the  physical  atlas  of  the  Interior  Department,  The  systems  of  car- 
tography in  use  in  this  country  and  many  of  those  of  Europe  have  been 
examined  and  studied,  and  many  experiments  have  been  made  in  the 
office  for  the  purpose  of  determining  the  best  methods  adapted  to  these 
circumstances  and  conditions. 

For  the  physical  atlas  heretofore  mentioned  it  is  proposed  to  represent 
the  topography  by  contour  lines  with  auxiliary  hatchings  to  indicate 
rock  surface  and  shading  for  general  reliefs,  these  so  applied  as  not  to 
obscure  tbe  contours.  For  special  purposes  hatched  maps  are  used,  for 
others  contour  maps,  and  for  purposes  relating  to  tbe  discussion  of  geo- 
logical structure  maps  are  made  by  photographing  or  lithographing 
models  or  relief  maps  in  plaster. 

Classification  of  lands  by  Mr.  Gilbert. — The  survey  nnder  the  direction 
of  Professor  Powell  has  been  extended  over  the  norchern  portion  of 
Arizona  and  the  greater  part  of  Utah,  but  a  broad  strip  along  the  north- 
ern end  of  tbe  latter  Territory  was  embraced  in  the  survey  made  by  Mr. 
Clarence  King,  under  the  War  Department.  It  seemed  desirable,  how- 
ever, to  extend  the  dassiflcation  of  lands  over  this  latter  region,  and 
this  duty  was  assigned  to  Mr.  Q.  K.  Gilbert. 

Mr.  Gilbert  took  the  field  at  Salt  Lake  City  and  traversed  all  of  tlie 
Territory  lying  west,  north,  and  northeast  of  that  point,  a  tract  compri- 
sing so  much  of  the  drainage  basin  of  Qreat  Salt  Lake  as  lies  in  Utah.  In 
tbiij  area  is  included  the  most  valuable  portion  of  the  Territory,  as  veil 
as  the  most  sterile.  A  very  small  part  of  it  will  repay  cultivation 
nithouC  irrigation,  but  this  is  exceptional,  and  in  general  the  possibility 
of  agriculture  depends  upon  the  possibility  of  artificial  watering.  Tbe  * 
Bear  liiver,  the  Weber,  and  the  Jordan  carry  as  much  water  as  can 
profitably  be  used  upon  all  the  lands  to  which  it  is  practicable  to  convey 
them  by  canals,  and  those  lands  were  measured,  in  order  to  deterniiue 
the  agricultural  capacities  of  the  river  valleys.  The  smaller  streams,  on 
the  contrary,  are  inadequate  to  serve  the  arable  lands  through  which 
tbcyseverallytun,  and  theagriculturalcapacitiesof  their  valleys  were  as- 
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certaioed  by  measnriD^tbevolumeof  each  Stream.  East  of  Great  Salt  Lake 
are  great  moaDtaia  ranges,  the  Wasatch  and  the  Uiota,  and  targe  streams 
flow  from  their  meltiDg  snows  all  through  thesammer  season.  The  Bear, 
the  Weber,  and  the  Jordan  flow  to  the  lake,  and  the  three  rivers  can 
be  made  to  reclaim  800,000  acres  of  land  in  their  valleys.  This  is  12A 
per  cent,  of  the  district  that  they  drain.  West  of  the  lake  the  plaius 
are  interrnpted  by  mountains,  bat  there  are  none  of  great  magnitude ; 
the  snows  of  winter  are  dissipated  too  early  in  the  spring  to  be  of  use 
for  irrigation,  and  mach  of  the  land  is  an  absolnte  desert.  In  a  total 
area  of  8,300,000  acres  only  21,000  acres  aro  of  valae  for  farming — one- 
fonrth  of  one  per  cent. 

These  estimates  are  based  upon  the  experience  of  the  farmers  of  the 
district,  who  have  practiced  irrigation  for  thirty  years,  and  hare  given 
it  a  greater  development  than  can  be  found  elsewbei'e  in  the  United 
States.  They  have  now  under  cnltivation  a  third  part  of  the  irrigable 
lauds  of  the  Salt  Lake  Basin,  and  are  utilizing  many  of  the  small 
streams  to  the  full  extentof  their  capacities.  A  carefnl  stndy  was  made 
of  their  operations,  for  the  parpose  of  learning  the  quantity  of  water 
necessary  to  redeem  a  given  quantity  of  land  under  various  conditions 
of  soil  and  climate,  and  the  resulting  determinations  were  used  in  coiii- 
])uting  the  areas  susceptible  of  irrigation  by  the  streams  and  parts  of 
streams  that  are  still  unnsed.  The  greater  part  of  the  future  extension  of 
the  cultivated  areas  will  be  accomplished  only  by  extensive  engineerins: 
works,  inelnding  the  dammiug  of  the  principal  rivers  and  the  construc- 
tion of  long  canals.  Five  million  dollars  is  probably  a  moderate  esti- 
mate of  the  cost  of  redeeming  the  500,000  acres  that  are  susceptible  of 
reclamation,  and  the  requisite  capital  will  have  to  be  concentrated  upon 
a  small  number  of  largo  canals. 

Since  the  Brst  settlement  of  the  Territory,  in  the  year  18^t7,  the  water- 
supply  has  increased.  It  is  reported  by  the  citizens  that  each  stream 
is  DOW  capable  of  irrigating  a  greater  area  of  land  than  when  it  was 
first  used.  Creeks  that  once  scantily  watered  a  few  acres  of  ground 
now  afford  an  ample  supply  for  donble,  treble,  or  even  fifty  times  the 
origiual  area.  This  increase  has  been  accompanied  by  a  rise  of  Great 
Salt  Lake,  which,  having  no  escape  for  its  water  except  by  evaporation, 
has  stored  up  the  surplus  fh>m  the  streams.  Fortbe  purpose  of  inves- 
tigating the  cstent  and  the  cause  of  the  increase  of  the  stream.-),  Mr. 
Gilbert  made  a  study  of  the  fiactnations  of  the  lake.  It  was  a  matter 
of  common  report  that  the  surface  of  the  water  had  been  subject  to 
considerable  changes,  and  that  on  the  whole  it  had  greatly  risen  since 
its  shores  were  first  settled,  but  previous  to  the  year  1875  no  systematic 
record  of  its  movements  had  been  kept.  In  that  year  a  series  of  obser- 
vations was  Inaugurated  by  Dr.  John  K.  Park,  of  Salt  Lake  City,  at  the 
suggestion  and  request  of  the  Secretary  of  the  Smithsonian  Institntion. 
A  small  pillar  of  granite,  graduated  to  feet  and  Inches,  was  erected  »C 
the  waters  edge  near  a  rocky  islet  known  as  Black  lEock. 
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Tbe  locality  was  tben  a  popular  pleasure  resort,  and  tbe  record  was 
undertaken  by  Mr.  J.  T.  Mitchell.  Observations  were  made  at  frequent 
intervals  for  more  than  a  year,  but  were  then  interrupted  by  reason  of 
tbe  disuse  of  the  locality  as  a  place  of  resort,  and  tbey  have  not  siuce 
been  resumed  in  a  systematic  way.  To  obviate  a  similar  dif&culty  in 
the  future,  Mr.  Gilbert  caused  a  new  record-post  to  be  established  near 
the  town  of  Parmiugton,  where  the  work  of  observation  has  been  uu- 
dertaken  by  Mr.  Jacob  Miller,  and  it  is  anticipated  that  in  the  future 
there  will  be  no  break  in  the  continuity  of  the  record. 

In  the  interval  from  1847  to  1875,  during  which  no  direct  observations 
were  made,  there  was  nevertheless  a  considerable  amoant  of  indirect 
observation  incidental  to  the  pursuits  of  tbe  citizens.  The  islands  of 
the  lake  were  used  for  pasturage,  and  the  facilities  for  the  transter  of 
cattle  to  and  fro  were  greatly  affected  by  the  fluctuations  of  the  water, 
A  large  share  of  tbe  commanication  was  by  boat,  and  the  frequent 
changes  of  landing-place  which  tbe  boatmen  were  compelled  to  make 
impressed  upon  their  memories  the  character  and  order  of  tbe  principal 
oscillations.  In  pursuance  of  the  inquiries  instituted  by  the  Secretary 
of  tbe  Smithsonian  Institution,  the  testimony  of  the  boatmen  was  com- 
piled by  Mr.  Jacob  Miller,  and  a  history  of  the  oscillations  was  deduced. 

A  similar  and  corroborative  history  has  been  derived  by  Mr.  Gilbert 
from  an  independent  investigation.  Two  of  the  Islands  used  for  pastur- 
age are  joined  to  tbe  main-land  by  broad,  flat  bars,  and  during  the  lower 
stages  of  the  lake  these  bars,  being  either  dry  or  covered  by  a  moderate 
depth  of  water,  have  afibrded  means  of  oommanicatiou.  It  happeus 
that  tbe  Antelope  Island  bar  was  in  use  until  1865,  when  it  became  so 
deeply  covered  that  fording  oq  horseback  was  impracticable;  and  that 
tbe  Stansbury  Island  bar  was  first  covered  with  water  in  1866,  and  has 
been  used  as  a  ford  with  slight  exception  ever  since.  By  the  compila- 
tion of  the  testimony  of  those  who  have  made  use  of  these  crossiogs,  a 
continuons  record  was  derived  which  cannot  deviate  very  widely  from 
tbe  truth,  and  the  work  was  checked  by  making  careful  soundings  to 
ascertain  the  present  depth  of  water  on  the  AnteIoi)e  Island  bar. 

From  1847  to  1850  there  was  little  change  beside  tbe  annual  tide — a 
variation  dependent  upon  the  spring  floods,  and  which  makes  the  sum- 
mer stage  in  each  year  from  one  to  two  feet  higher  than  the  winter. 
Then  tbe  water  began  to  rise,  and  so  continued  until  in  1855  and  1856  its 
mean  stage  was  four  feet  higher  than  in  1850.  This  progressive  rise  was 
followed  by  a  progressive  fall  of  eqnal  amount,  and  in  1860  the  lake  had 
leturuetl  to  its  first-observed  lev^.  In  1862  there  began  a  second  rise, 
which  continued  for  eight  years,  and  carried  tbe  water  ten  feet  above  the 
original  level.  Since  1869  there  has  been  no  great  change,  but  the  mean 
height  has  fluctuated  through  a  range  of  about  two  feet. 

As  the  lake  has  risen  it  has  encroached  upon  tbe  land,  and  the  shores 
are  in  many  places  so  flat  that  large  areas  have  been  submerged.  At 
one  point  the  water  edge  has  advanced  15  miles,  and  thesurveysof  Capt. 
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Howard  Stansbury  and  Mr.  Clarence  King  sbow  that  from  1850  to  18C9 
the  total  area  of  tbe  water  surface  increased  from  1,750  to  3,166  square 
milea,  or  nearly  24  per  cent.  By  this  expaudon  tbe  surface  for  evapo- 
ration was  increased,  so  that  the  latce  could  return  to  the  atmosphere  the 
surplas  thrown  into  it  by  the  augineiited  streams. 

Whatever  land  is  at  any  time  flooded  by  the  laiie  becomes  saturated 
with  salt,  and,  if  the  water  afterward  retires,  remaios  barren  of  vegeta- 
tion for  many  years.  The  highest  level  readied  by  the  water  iu  storms 
is  marked  by  a  line  of  driftwood  and  other  debris.  Above  this  line  there 
is  usually  a  growth  of  grass  and  sage-brush,  but  below  it  nothing  grows. 
Previous  to  the  last  great  rise  of  the  lake  the  storm-line  was  six  feet 
lower  than  at  present,  and  the  intervening  belt  of  land  still  retains  the 
stumps  and  roots  of  bushes  that  have  been  killed  by  the  advancing  briue. 
The  encroaching  water  overran  the  ancient  storm-line  in  about  the  year 
1866,  and  for  the  past  eleven  years  it  has  covered  ground  which  had 
been  exempt  from  incursions  of  brine  for  a  time  suthcient  to  permit  the 
rains  to  cleanse  the  soil,  and  for  a  further  time  BuEBcicnt  to  produce  a 
growth  of  sage-brnsh.  The  whole  period  is  aa  likely  to  have  been  meas- 
ured by  centuries  as  by  decades. 

Thus  it  appears  that  the  last  twelve  years  have  witnessed  an  exten- 
sion of  the  lake  frhich  is  not  only  without  precedent  in  the  experience 
of  the  citizens  of  Utah,  but  is  clearly  an  anomaly  in  the  history  of  the 
lake.  To  explain  it,  and  to  explain  at  the  same  time  the  increase  of  the 
streams,  there  ^re  two  general  theories  worthy  of  consideration. 

The  first  is  that  there  has  been  a  change  of  climate  in  Utah  whereby 
the  atmosphere  is  moister,  so  that  the  fall  of  rain  and  snow  has  beoouio 
greater  and  the  rate  of  evaporation  has  become  slower.  The  second  is 
that  the  industries  of  the  white  man,  which  have  been  steadily  growing 
in  importance  for  the  last  thirty  years,  have  so  modified  the  surface  of 
the  land  that  a  larger  share  of  the  snow  and  rain  finds  its  way  into  the 
water-courses,  and  a  smaller  share  is  returned  to  the  air  by  evaporation 
from  the  ground.  The  latter  theory,  which  is  the  one  proposed  by 
Professor  Powell,  is  considered  by  Mr.  Gilbert  the  more  probable,  and 
lie  finds  reason  to  believe  that  the  tax  imposed  upon  the  streams  by  the 
work  of  irrigation  is  more  than  repaid  by  the  effects  of  the  draiuing  of 
marshes  and  the  destmetion  of  herbage  and  timber.  A  great  volume  of 
water  is  turned  upon  the  cultivated  fields,  and  from  their  moist  surfaces 
is  absorbed  by  the  atmosphere  without  ever  reaching  the  lake ;  but,  on 
the  other  band,  the  farmer  has  found  it  to  his  advantage  to  drain  the 
beaver-ponds  and  other  marshes,  and  thus  cheek  the  evaporation  from 
their  surfaces,  and  the  streams  which  he  thereby  rescues  from  dissipation 
are  used  in  irrigation  for  a  few  months  only,  while  for  the  remainder  of 
the  year  they  pay  their  tribute  to  the  lake.  The  destruction  of  grasses 
by  herds  of  domestic  animals  and  the  cutting  of  trees  upon  the  mount- 
ains expose  the  ground  to  the  sun  and  facilitate  the  mcltiiifr  of  the  snow ; 
the  removal  of  the  grass  opens  the  way  also  lo  ii  fi  eei  circulation  of  sur- 
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face-waters,  so  that  tbe  raiQ  aod  melting  snows  are  gathered  more 
qaickly  and  tboronghly  into  rills  and  streams;  and  both  these  inflnences 
increase  the  inflow  of  the  lake. 

This  discussion  has  an  important  bearing  apon  the  agricnltare  of  the 
arid  region,  for  if  the  theory  favored  by  these  gentlemen  is  the  true  one 
the  work  of  irrigation  can  be  pushed  forward  with  the  confident  assur 
aace  that  the  supply  of  water  is  more  likely  to  increase  thai)  diminish 
in  the  future;  and  it  may  even  be  possible,  when  the  subject  has  been 
fully  developed,  to  devise  measures  which  shall  directly  promote  the 
iucrease. 

Qeologieal  work  by  Mr.  Gilbert, — During  the  preceding  summer  Mr. 
Gilbert  had  discovered  a  peculiar  sorios  of  phenomena  produced  by  re- 
cent orographic  displacements,  and  be  has  this  year  found  opportunity 
to  study  them  in  numerous  new  localities.  It  appears  that  the  system 
of  faults  and  flexures,  the  system  of  upward  aud  downward  movements, 
by  which  the  mountain-ranges  and  the  valleys  of  Utah  and  Nevada 
were  prodnced,  have  continued  down  to  the  present  time.  Evidence  of 
recent  movement  has  been  discovered  on  the  lines  of  many  ancient 
faults.  The  ancient  shore-line  of  Great  Salt  Lake,  which  is  exhibited 
so  conspicuously  upon  the  surrounding  mountain-slopes,  and  which  must 
originally  have  been  level,  is  no  longer  so,  but  has  been  shifted  up  and 
down  by  the  displacement  of  the  mountains.  Its  present  altitude  above 
Great  Salt  Lake  was  determiutd  at  four  different  points  by  spirit-level, 
and  the  determinations  were  found  to  range  Irora  966  feet  to  1,059 
feet.  The  measurements  by  level  were  all  made  in  the  immediate  vicin- 
ity of  the  lake,  but  the  barometer  indicates  that  at  points  more  remote 
the  discrepancy  is  several  times  greater. 

These  observations  are  valuable  additions  to  our  evidence  that  mount- 
ain-making is  a  work  of  the  present  as  well  as  of  past  ages,  and  that 
the  grand  displacements  by  faults  and  folds  are  caused  by  slow  and 
intermittent  movements. 

Mr.  Gilbert  also  traced  and  mapped  the  northern  portion  of  the 
ancient  shore-line  of  the  lake  from  Salt  Lake  City  to  Kedding  Spring, 
following  its  sinuous  course  for  900  miles  in  Utah,  Idaho,  and  Nevada, 
and  demonstrating  that  the  ancient  outlet  he  bad  discovered  the  pre- 
ceding summer  at  Bed  Bock  Pass  was  the  only  one  by  which  the  lake 
had  ever  discharged  its  water  to  the  Snake  Kiver. 

Daring  tbe  winter  of  lST6-'77,  Mr.  Gilbert  prepared  his  report  on  the 
geology  of  the  Henry  Mountains,  and  the  mannscript  was  sent  to  tUe 
printer.  The  Henry  Monntains  constitute  a  small  group  in  soattaeastem 
Utah  and  stand  quite  by  themselves.  They  are  of  a  peculiar  character 
and  represent  a  type  of  structure  that  has  never  before  been  fully  de- 
scribed. Mr,  Gilbert's  report  is  a  monograph  at  once  of  the  mountaia 
group  and  of  the  type  of  mountain  structure.  The  mountains  are  of 
igneous  origin,  buttheiisiug  lavas,  instead  of  ontponring  at  the  surface 
of  tbe  earth  in  the  usual  way,  failed  to  penetrate  the  upper  portions  of 
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tbe  crust  and  formed  subterraneEin  lakes  or  chambers.  Tlie  strata  lyiug 
above  tlie  lava  lakes  were  upbent  iu  tbe  form  of  great  babbles,  aod  from 
these  bubbles  of  saudstODeaud  shale,  ^ith  their  cores  of  trap,  the  erosive 
ageDts  of  the  air  have  carved  the  mountains.  The  mountain  structure 
is  thus  tivo-fold,  comprising  first  volcanic  upheaval,  and  second  atmos- 
])heric  degradation.  To  aid  in  the  discussion  of  the  first  element  of 
structure,  Jlr.  Gilbert  constructed  a  stereogram  of  the  district,  in 
plaster,  exhibiting  tbe  forms  due  to  upheaval  as  they  would  appear  11' 
unmodified  by  degradation.  He  prepared  also  a  topographical  model, 
exhibiting  the  same  forms  as  actually  modified;  and  the  tivo  models 
will  be  reproduced  by  photography  to  illustrate  tbe  report.  The  treat- 
ment of  tbe  second  element  of  structure  is  of  a  thorough  character  and 
includes  a  discussion  of  the  general  principles  which  control  the  sculp- 
ture of  the  land  surfaces  of  the  earth  by  rains  and  rivers.  Tbe  volume 
is  ready  for  the  binder. 

Geological  work  by  Captain  Dutton. — Oiiptaio  C.  E.  Button  resumed  his 
exploration  of  the  same  field  which  he  has  been  studying  for  three  years, 
baviug  recognized  in  it  a  certain  unify  which  renders  it  eminently 
adapted  to  an  important  monograph.  The  region  explored  by  him  is 
centrally  situated  in  the  Territory  of  Utah,  extending  from  Mount  Nebo 
in  the  Wasatch,  nearly  southward  a  distance  of  about  ISO  miles,  and  hav- 
ing a  maximum  breadth  of  about  60  miles.  It  possesses  certain  features 
which  serve  to  distinguish  it  both  topographically  and  geologically, 
and  he  proposes  to  call  it  the  District  of  the  High  Plateaus  of  Utah.  It 
consists  of  a  group  of  uplifts  uow  standing  at  altitudes  between  0,000 
and  11,500  feet  above  sea-level,  while  the  general  platform  of  the  conn- 
try  is  from  5,000  to  7,000  feet  high.  The  plateaus  have  been  carved 
oat  of  this  platform  by  great  faults,  and  tbe  genera!  structure  corresponds 
closely  to  that  described  by  Professor  Powell  under  the  name  of  the 
Kaibab  structure,  aod  illustrated  by  him  in  bis  section  of  the  region 
traversed  by  the  Grand  Caiion  of  the  Colorado.  Tbe  relations  of  this 
belt  of  high  plateaus  to  the  regions  adjoining  are  of  special  interest. 
At  the  close  of  tbe  cretaceous  the  country  lying  to  the  eastward  of  it 
passed  by  gradation  from  an  oceanic  to  a  lacustrine  condition,  the  inter- 
mediate stage  presenting,  doubtless,  a  strict  analogy  to  the  condition  of 
the  Baltic.  This  eocene  lake  area  now  constitutes  tbe  southern  part  of 
the  drainage-system  of  the  Colorado  lliver.  During  cretaceous  and 
eocene  time,  the  area  no^  occupied  by  the  Great  Basin  was  dry  land, 
and  its  denudation  must  bave  furnished  a  large  part  of  the  sediments 
which  were  spread  over  the  bottom  of  tbe  great  lake.  The  movements 
which  took  place  during  the  eocene  at  last  resulted  in  tbe  desiccation  of 
the  lake,  and  though  a  strict  chronological  correlation  to  European  and 
other  divisions  of  time  cannot  be  made  with  certainty,  it  may  be  provis- 
ionally inferred  that  this  desiccation  was  completed  before  the  commence- 
ment of  the  miocene.  It  was  brought  about  by  tbe  more  rapid  uplifting 
of  the  lake  area  than  that  of  the  Great  Basin,  until  at  last  tbe  former 
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area  beeame  the  loftier  of  the  two,  thus  reversing  their  relative  altitudes. 
The  lake  area  is  dow  a  portion  of  the  so^salled  plateau  country,  and 
since  the  commencement  of  the  miocene  (para-mioceiie)  has  been  subject 
to  a  great  and  continnons  erosion.  The  District  of  the  High  Plateaus 
occupies  a  portion  of  a  narrow  belt  separating  the  platean  conntry  from 
the  basin  province,  and  therefore  stands  npon  the  locus  of  the  ancient 
shore-line,  which,  in  the  lacnstrine  stage,  bounded  the  two  areas.  To 
that  shore-line  tbey  stand  in  an  intimate  and  remarkable  relation.  To 
its  trend  the  great  displacements  maintain,  not  merely  a  general  paral- 
lelism, but  an  approximation  to  strict  parallelism  both  in  totality  and  in 
detail,  which  would  not  have  been  anticipated,  and  which  cannot  be 
purely  accidental,  and  seems  to  point  to  some  definite  determinative 
association  between  the  littoral  deposits  and  the  great  lines  of  displace- 
ment. The  great  structural  features  are  these  faults  and  their  equiva- 
lent mouoclinal  flexures.  They  are  remarkably  persistent,  extending  in 
parallel  courses  thronghout  the  entire  length  of  the  region  surveyed. 
One  of  them,  the  great  Sevier  fault,  becoming  here  and  there  a  mouo- 
clinal flexure,  has  been  traced  continuously  over  a  length  of  240  miles, 
and  others  of  nearly  equal  persistence  have  been  noted.  The  High 
Plateaus  belong  to  the  Plateau  country,  for  notwithstanding  the  great 
amount  of  dynamical  energy  indicated  in  their  uplifting,  they  preserve 
in  a  remarkable  manner  the  plateau  type  of  structure,  which  is  distin- 
gnished  sharply  from  the  arched,  flexed,  and  tilted  types  prevailing  in 
other  disturbed  localities.  There  is  an  abrupt  transition  ftom  this 
plateau  structure  to  that  found  in  the  adjoining  basin.  Therd  are  some 
localities  where  one  may  hurl  a  stone  from  one  province  to  the  other, 
and  in  general  it  may  be  said  that  the  dividing  line  must  pass  within  a 
single  range  or  table.  The  plateau  province  seems  to  stand  here  in 
strict  correlation  to  the  tertiary  beds;  where  the  tertiaries  end  there 
also  end  the  plateaus.  The  relatiou  between  the  tertiary  and  cretaceous 
throughout  this  belt  is  one  of  general  unconformity ;  in  many  places 
-  where  the  contacts  are  seen,  the  tertiary  is  revealed  lying  across  the 
upturned  and  eroded  edges  of  the  cretaceous,  showing  clearly  a  break 
between  those  portions  of  the  two  series  which  are  here  preserved. 

But  of  all  the  features  displayed  by  the  high  plateans  the  most  re- 
markable are  the  manifestations  of  former  volcanic  activity.  Both  in 
area  and  thickness  the  volcanic  emanations  are  very  extensive.  Tbey 
cover  more  than  5,000  square  miles,  and  sections  of  4,000  to  5,000  feet 
iire  presented  without  revealing  the  lowest  beds.  The  greater  part  of 
the  eruptions  took  place  after  the  lake  basin  had  been  drained  or  bad 
shrunken  to  limits  ontside  of  the  district,  for  sedimentary  beds  have  Dot 
been  found  intercalated  between  the  various  flows,  but  always  underlie 
them.  It  is  therefore  impossible  to  fix  with  great  precision  the  com- 
mencement of  the  outbreaks;  but  the  general  indications  are  that  tbey 
began  very  soon  after  the  close  of  the  lacnstrine  period,  and  they  may 
have  commenced  still  earlier.    The  eruptive  epoch  was  nodoobtedly  a 
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loDg  one.  The  individual  flows  are  reiy  Domeroas,  and  represent  all 
the  ^eat  groups  of  ercptive  rocks.  In  many  cases  the  gnantity  of  ma- 
terial extravasated  is  so  great  that  the  craptions  may  well  be  calk-d 
massive;  not,  however,  of  such  maiveloos  extent  as  are  asserted  to 
have  been  pouted  forth  from  fissures  during  the  basaltic  period  in 
Oregon  and  Northern  Califoroia  ;  but  there  are  many  individual  sheets 
which  surpass  in  magnitude  any  which  is  known  to  have  emanated 
dnriDg  recent  or  modern  times  from  any  existing  volcanic  vent  at  a 
single  eruption.  From  what  openings  these  masses  were  extravasated 
it  is  usually  difficnlt  to  fix  with  certainty  and  precision.  So  vast  are 
the  accumulations  and  so  expansive  are  the  sheets,  and,  at  the  same 
time,  so  numerous,  that  wheresoever  they  were  emitted  the  earlier  vents 
must  have  been  buried  by  later  deluges  of  lava ;  and  even  the  more 
recent  vents,  except  in  the  caee  of  the  latest  basalts,  have  been  swept 
away  by  slow  erosion  in  the  long  period  which  has  elapsed  since  their 
activity  was  extingnished.  There  arc,  however,  still  remaining,  distinct 
traces  of  localization  of  eruptive  activity  in  the  form  of  greater  accumu- 
lations, at  some  points  from  which,  in  mcst  directions,  the  total  thick- 
ness of  the  volcanic  series  appears  to  attenuate.  Moreover,  iu  those 
central  localities  of  maximum  accumulation  there  appears  to  be  a  large 
amount  of  what  might  be  called,  in  a  certain  sense,  unconformity  of  the 
various  eruptions,  and  greater  irregularities  in  their  bedding,  as  com- 
pared with  the  more  even  layers  and  more  regular  distribution  of  the 
sheets  more  remote  from  these  centers.  This  fact  appears  to  be  of  gen- 
eral application  also  to  existing  volcanic  regions  of  great  extent.  Cap- 
tain Dntton  has  succeeded  iu  locating  at  least  five  areas,  Irom  which 
the  various  overflows  appear  to  have  emanated,  and  believes  that  further 
research  might  result  in  the  determination  of  others. 

At  the  time  these  eruptions  were  in  progress  it  is  probable  that  the 
conntry  was  not  an  elevated  one  as  at  present,  though  it  may  have 
been  a  rising  area.  The  great  displacements,  consisting  of  faults 
of  extraordinary  length  and  persistency,  took  place  after  the  close  or 
during  the  decadence  of  the  principal  eruptions,  and  it  was  at  this  lat- 
ter epoch  that  the  greater  part  of  the  general  elevation  of  this  portion 
of  the  plateau  province  occurred.  During  its  "progress  many  eruptions 
must  have  taken  place,  and  their  later  age  is  readily  identifiable ;  but 
□one  of  them  were  comparable  in  extent  and  in  the  volume  of  ejected 
materials  with  older  eruptions  prior  to  the  j^reat  displacements.  Al- 
though it  is  ordinarily  not  diflcult  to  determine  whether  a  particular 
event  preceded  or  followed  some  other  within  the  locality,  there  seems 
to  be  no  way  of  correlating  these  different  events  strictly  with  the  epochs 
which  are  designated  by  the  sedimentary  formations  of  the  adjoining 
country,  and  it  is  therefore  impossible  to  determine  the  exact  period  in 
the  chronological  scale  at  which  the  faulting  took  place,  further  than 
tlie  fact  that  it  mnst  have  occurred  long  enough  after  the  close  of  the 
eocene  to  allow  for  the  accnmulation  of  these  vast  bodies  of  volcanic 
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beds.  Tbia  may  carry  tbe  periodof  faul  ting  far  iuto  the  niiocene  period, 
or  possibly  as  fur  as  the  commencemeat  of  the  pliocene.  But  while  tbe 
first  stage  in  the  activity  of  these  ancient  volcanoes  was  undoubtedly 
the  greatest,  and  accompanied  by  an  incomparably  greater  amount  of 
extravasation,  it  by  no  means  constitutes  the  wLole  of  it.  Even  after 
the  great  displacements,  and  after  the  principal  topographic  features  of 
the  counti'y,  depending  upon  structure  as  they  now  exist,  bad  received 
their  shape,  minor  eruptions  continued  ;  they  present,  however,  a  Some- 
^vhat  remarkable  fact.  The  later  eruptions  did  not  take  place  from  the 
same  centers  as  the  earlier  ones,  but  show  a  tendency  to  recede  from 
them  and  to  occur  around  the  borders  of  tbe  older  volcanic  district. 
Tbe  central  portions  of  the  volcanic  area  are  nntjuestionably  the  oldest, 
while  tbe  younger  ones  are  found  around  their  borders,  and  sometimes 
at  considerable  distances. 

One  point  which  daring  the  study  of  this  region  has  engaged  the  care- 
ful attention  of  Captain  Dutton  has  been  to  ascertain  whether  it  presents 
any  such  sequence  in  the  lithological  character  of  the  eruptions  as  is 
asserted  by  Baron  Kichthofen  to  prevail  in  the  volcanic  districts  of 
Europe,  South  America,  Asia  Minor,  and  the  Sierra  Sevada.  This  as- 
serted sequence  has  engaged  tbe  profound  attention  of  most  vulcauolo- 
gists  and  is  of  great  importance  in  relation  to  all  questions  bearing  upon 
the  origin  aad  causes  of  volcanic  action.  Although  at  first  disposed  to 
doubt  the  prevalence  of  this  sequence,  and  not  favorably  impressed  with 
tbe  speculations  and  theoretical  views  of  Baron  Bichthofeu,  Captain 
DuttoQ  has  reached  the  conclusion  that  the  high  plateaus  of  Utah  ex- 
hibit in  a  decided  manner  essentially  the  same  sequence  which  Eicht- 
hofen  claims  for  other  volcanic  regions.  The  earliest  eruptions  consist 
of  rocks  agreeing  well  in  lithological  characteristics  with  those  described 
by  Richtbofen  under  the  name  of  propylite.  This  rock  is  usually  con- 
cealed if  it  exists  in  any  great  quantities  by  the  later  flows,  but  is  in 
several  places  brought  to  light  partly  by  the  great  displaeements,  and 
partly  through  the  agency  of  erosion,  and  wherever  found  it  is  seen  to 
occupy  the  lowest  position  of  all.  It  is  also  worthy  of  note  that  this 
rock  is  found  at  those  points  which  constitute  the  centers  of  eruption 
before  referred  to,  showing  that  tbe  activity  which  it  ushered  in  con- 
tinued to  have  its  seat  through  a  long  cycle  in  and  about  the  same  lo- 
cality. The  propylite  is  succeeded  by  a  rock  answering  to  Bicbthofen'g 
description  of  borubleade  aodesite,  which  is  usually  overlaid  by  a  rock 
rich  iu  augite  with  tricliuic  feldspar  which  may  be  termed  augitic  aude- 
site.  Still  higher  in  the  series  are  found  immense  masses  of  trachyte 
which,  however,  is  frequently  intercalated  with  dolerite.  The  variety  of 
tbe  trachytes  is  very  great  j  so  great,  indeed,  that  were  it  not  for  the  per- 
sistence of  certain  miueralogical  as  well  as  textural  characteristics  which 
are  universally  accepted  as  being  distinctive  of  that  group  of  rocks,  one 
might  feel  strongly  tempted  to  make  numerous  subdivisions  of  tbem  into 
a  series  of  groups.     The  extremes  of  the  varieties  of  the  trachytes 
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might  be  represeated  at  one  end  by  a  coarsely  granular  micaceous  rock 
composed  chiefly  of  orthoclaae,  and  is  aometimes  hornblendic  and  some- 
times aagitic,  at  the  other  end  a  highly  porpbyritic  trachyte  coDsisting 
of  well-developed  orthoclase  feldspar  imbedded  iu  a  fine  paste  highly 
charged  with  peroxide  of  iroD.  Between  these  masses  of  trachyte  are 
intercalated,  though  iu  subordinate  quantities,  beds  of  dolerite  showing 
distiuet  crystals  of  striated  feldspar  with  great  abundance  of  augite  and 
magnetite.  In  the  earlier  and  grander  periods  of  the  ernptions  the  fol- 
lowing sequences  may  therefore  be  recognized :  first,  propjlite;  second, 
andesite ;  and,  third,  interblended  trachyte  and  dolerite.  Still  later  than 
these,  and  occurring  at  new  centers  of  eruption,  were  outpours  of  rhyo- 
lite,  while  last  of  all  were  erupted  around  the  outskirts  of  the  district 
great  quantities  of  true  basalt.  There  does  not  appear  to  be  any  single 
locahty  where  all  the  groups  of  rocks  are  found  superposed ;  neverthe- 
less the  relative  ages  do  not  admit  of  any  doubt,  whether  the  various 
beds  are  superposed  or  not;  but  while  furnishing  a  general  verification 
of  the  sequence,  the  district  of  the  High  Plateaus  presents  the  fact  with 
certain  modifications  which  may  be  set  forth  in  the  following  manner: 
In  the  lithologieal  scale  propylite  and  bornblendio  andesite  are  very 
nearly  iDtertnediate  between  the  extremes  of  acid  rocks  represented  by 
rhyolite,  and  basic  rocks  represented  by  basalt.  Taking  propylite  as  a 
starting- point  in  the  scale  of  classification,  we  find  two  divergent  series 
proceeding  on  the  one  hand  toward  the  acid  end  of  the  scale,  and  on  the 
other  'toward  the  basic  end.  As  we  follow  the  eruptions  down  into  the 
later  epochs,  we  find  that  both  series  are  represented  in  a  certain  sense  in- 
dependentlyofeachothersothattheyintercalate;  the  acid  becomingat 
one  end  more  acid  with  the  progress  of  the  volcanic  cycle,  and  the  basic 
rocks  becoming  more  basic.  Each  series  seems  to  pursue  its  own  order 
and  to  be  subject  to  its  own  law,  so  that,  being  originally  divergent,  they 
become  more  and  more  widely  separated  in  their  lithologieal  characters 
as  the  cycle  proceeds.  Thus  at  the  commencement  of  the  activity  we 
have  propylite  and  hornblendic  andesite,  which  are  closely  assimilated 
to  each  other  iu  their  physical  characteristics;  at  the  middle  stage  we 
have  trachytes  and  moderately  basic  dolerites,  which  are  moderately 
separated,  and  at  the  close  we  have  rhyolites  and  basalts,  which  stand 
at  the  opposite  ends  of  the  scale. 

Plan  o/publication. — In  the  geological  branch  of  the  work  the  plan  has 
been  adopted  as  far  as  possible  of  publishing  monographs,  each  embrac- 
ing all  the  studies  made  by  the  corps  of  any  particular  region  to  which 
it  relates,  preferring  this  to  a  system  of  annual  reports  consistiug  of 
risKtn^  of  the  field-notes  of  each  season.  In  the  preparation  of  these 
monographs,  relief  maps  or  plates  are  constructed  on  a  scale  of  two  miles 
to  the  inch  or  larger,  vertical  and  horizontal  scales  being  equal ;  and  to 
correspond  with  each  relief  map  a  stereogram  in  plaster  is  constructed 
on  the  same  scale,  designed  to  exhibit  such  a  surfiuie  as  would  appear 
bad  there  been  no  degradation  by  atmospheric  agencies,  but  displace- 
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ment  only.  By  this  meaas  the  characteristics  of  displacement  can  be 
studied  independent  of  the  phenomena  of  degradation,  with  which, 
in  nature,  they  are  always  associated,  and  by  which  they  are  more 
or  leas  obscured;  and  a  comparison  of  (he  stereogram  with  the  relief 
map  gives  approximate  quantitative  results  of  degradation ;  that  is,  the 
two  factors  of  mountain  strnctnre,  elevation  by  displacement  and  degra- 
dation by  rains  and  rivers,  are  separated,  that  each  may  be  coDsidered 
indepeodeat  of  the  complicating  conditions  of  the  other. 

Geological  illuatratian. — Much  attention  has  been  paid  to  the  graphic 
representation  of  the  important  features  of  geological  structure.  The 
Bocky  Mountain  Begion  has  proved  to  be  one  of  great  interest  in  this 
branch  of  investigation,  because  of  the  peculiar  features  of  its  physical 
geography.  I^ng  and  towering  escarpments  are  fonud,  deep  canons 
with  precipitous  walls  are  numerous,  its  hills  and  moantaius  are  often 
wltbont  soil  and  vegetation,  accumulations  of  snbaerial  or  glacial  drift 
are  infrequent,  and  thus  the  general  rock-strncture  is  well  revealed. 
Sevorat  new  methods  of  illustration  have  been  devised,  some  of  which 
have  already  appeared  in  the  publications  of  the  survey. 

Etbnograjahio  work, — During  the  season  the  ethnographic  work  was 
more  thoroughly  organized,  and  the  aid  of  a  large  number  of  volunteer 
assistants  living  throughout  the  country  was  secured. 

Mr.  W.  H.  Dall,  of  the  United  States  Coast  Survey,  prepared  a  paper 
on  the  tribes  of  Alaska,  and  edited  other  papers  on  certain  tribes  of  Ore- 
gon and  Washington  Territory.  He  also  superintended  the  construction 
of  an  ethnographic  map  to  accompany  his  paper,  including  on  it  the 
latest  geographic  determinations  from  all  available  sources.  Hia  long 
residence  and  estended  scientific  labors  in  that  region  peculiarly  fitted 
Mm  for  the  task,  and  he  has  made  a  valuable  contribation,  both  to  eth- 
nology and  geography.  With  the  same  volume  was  published  a  paper 
on  the  habits  and  customs  of  certain  tribes  of  the  State  of  Oregon  and 
Washington  Territory,  prepared  by  the  late  Mr.  George  Oibbs,  while  he 
was  engaged  in  scientific  work  in  that  region  for  the  government.  The 
volume  also  contains  a  Niskwalli  vocabulary,  with  extended  grammatic 
notes,  the  last  great  work  of  the  lamented  author.  In  addition  to  the 
map  above  mentioned  and  prepared  by  Mr.  Dall,  a  second  was  made, 
embracing  the  western  portion  of  Washington  Territory  and  the  northern 
pa  t  of  Oregon.  The  map  includes  the  latest  geographic  information , 
and  is  colored  to  show  the  distribution  of  Indian  trit>es,  chiefly  from 
notes  and  majis  left  by  Mr.  Gibbs.  Much  of  the  linguistic  matfirial  of 
this  volume  was  collected  by  correspondents  of  the  Smithsonian  Zd- 
stitution,  and  turned  over  to  Professor  I'owell  to  be  consolidated  with 
materials  collected  by  members  of  his  corps. 

These  papers  form  a  quarto  volume  of  361  pages,  entitled  Contributions 
to  North  American  Ethnology,  Volume  I,  the  first  of  a  series  to  be  pub  - 
lished  on  this  subject. 

Volume  II,  relating  to  the  tribes  of  the  eastern  portion  of  Washingtoa 
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Territory  aod  the  State  of  Oregon,  waa  partially  prepared  for  the  printer, 
bat  it  was  thought  best  to  withhold  its  pabiication  antil  farther  mate- 
rials were  collected  from  that  region. 

The  third  volaaie  of  the  eeries  haa  been  published.  Thia  relatea 
to  the  Indiana  of  California.  Mr.  Stephen  Powers,  of  Ohio,  haa  been 
engaged  for  several  years  in  the  preparation  of  tfais  volame.  The  first 
part  contains  an  account  of  the  habits,  cnstoms,  mythology,  &&,  of  the 
several  tribes.  At  our  earliest  knowledge  of  the  Indians  of  California 
tbey  were  divided  into  small  chieftaincies  speaking  diverse  langaages 
and  belonging  to  radically  different  etocka,  and  the  whole  subject  was 
one  of  great  complexity  and  interest.  The  materials  collected  by  Mr. 
Powers  were  sufficient  to  successfully  unravel  the  difQoult  problem  rela- 
ting to  the  classification  and  affinities  of  a  very  large  number  of  tribes, 
and  his  account  of  their  habits  and  customs  is  of  much  interest.  A 
number  of  vocabularies  of  the  Smithsonian  collection  are  published  with 
those  of  Mr.  Powers.  The  lingniatic  portion  of  the  volume  was  edited 
by  Professor  Powell. 

The  volume  ia  accompanied  by  a  map  of  the  State  of  California,  com- 
piled from  the  latest  official  sources  and  colored  to  show  the  distribu- 
tion of  lingaistic  stocks. 

The  Bev.  J.  Owen  Dorsey,  of  Maryland,  haa  been  engaged  for  more 
than  a  year  in  the  preparation  of  a  grammar  nod  dictionary  of  the 
Ponlia  langaage.  His  residence  among  these  Indians  bs  a  missionary 
has  furnished  him  favorable  opportanity  for  the  necessary  studies,  and 
he  has  pushed  forward  the  work  with  zeal  and  ability. 

Prof.  Otis  T.  Mason,  of  Columbian  College,  has  for  the  past  year 
rendered  the  office  much  assistance  in  the  study  of  the  history  and  sta- 
tistics of  Indian  tribes. 

Brevet  Lieut.  Col.  Garrick  Mallery,  17.  8.  A.,  has  during  the  year 
been  engaged  in  the  stady  of  the  history  and  statistics  of  the  Indians 
of  the  United  Stat«s.  His  researches  lead  him  to  the  conclusion  that 
the  generally  received  opinion  that  a  very  large  Indian  popalatioa  oc- 
cnpied  this  country  at  the  time  of  its  discovery  is  erroneous ;  that  the 
supposed  rapid  and  general  decadence  of  ihe  Indians  arising  from  con- 
tact with  civilization  is  not  sustained,  and  that,  when  circumstances 
have  not  rendered  it  impossible,  they  are  making  reasonable  progress 
toward  civilization,  together  with  which  in  many  instances  their  num- 
bers have  increased.  No  final  publication  on  the  subject  has  yet  been 
SBued,  but  he  has  read  papers  before  the  Philosophical  Society  of 
Washington,  and  other  scientific  bodies,  to  invite  the  attention  of 
ethnologists  to  the  subject.  He  has  also  been  engaged  in  prepanng  the 
history  and  bibliography  of  the  Klamath,  rsinuk,  Way!letpu,  Sahap- 
tin,  and  other  fomiliesof  Oregon,  and  his  papers  on  this  subject  will 
appear  in  the  second  volume  of  Contribntions  to  North  American  Eth 
nology. 

In  March  laat  Mr.  Albert  S.  Gatachet  was  employed  to  assist  in  the 
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[ndiaa  languages,  and  dnriDg  the  Bpriog  moDtbs  his  time  was 
as  aa  assiBtaat  iu  compiliag  tlie  bibliography  of  tbe  Korth 

languages.  DurtDg  the  sammer  and  antamn  months  he  ris- 
nber  of  tribes  in  Oregon  for  the  purpose  of  collecting  vocaba- 
]  grammatifs  notes.  On  his  way  to  the  field  he  stopped  at 
here  he  found  a  tribe  of  Shoshoni  Indians  from  whom  he 
a,  vocabularj  of  about  five  hundred  words. 
0,  Butte  County,  California,  he  stopped  one  week  to  visit  tbe 

Indians,  a  branch  of  the  Maidu  stock,  where  he  collected  liu- 
aterial  of  value.  From  Chico  he  proceeded  directly  to  the 
agency,  in  Southern  Oregon,  where  eight  weeks  were  devoted 
dy  of  the  language  of  the  Klamath  Indiana,  a  branch  of  the 
mily,     Mr.  Gatscbet  had  previonsly  studied  this  language  by 

words  from  Modok  Indians  visiting  Washington  and.  Neis 
1  his  work  at  the  Klamath  agency  was  a  continuation  of  snch 
altogether  he  has  collected  a  vooabnlary  of  about  fire  tbon- 
Is,  also  many  sentences  and  texts,  on  historic  and  mythologic 
uranged  with  interlinear  translations. 

merical  system  of  this  language  is  quinary,  and  the  numerals 
reu  have  incorporated  particles  giving  them  a  gender  or  clasgi- 
li&cance,  apparently  based  upon  form.  The  subject  and  ob- 
inns  are  not  inoorporated  in  the  verb ;  the  personal  pronouns 
a  the  possessive ;  and  a  tnie  relative  pronoun  exists.  Aa  im- 
haracteristic  of  the  language  is  the  use  of  prefix  particles  in 
1  verbs  indicating  form,  and  the  reduplication  of  tbe  first  syl- 
ch  is  usually  tbe  radical  syllable,  for  the  purpose  of  showing 
>n.  It  is  often  equivalent  to  our  plural.  It  occurs  in  the 
if  adjectives  indicating  shape  and  color;  iu  augmenta.tive  and 
e  nouns  and  verbs ;  in  iterative  and  frequentative  verba ;  and 
distributive iilural  of  many  substantives,  adjectives,  numerals, 

I  adverbs. 

he  Klamath  agency  Mr.  Gatschet  proceeded  to  the  Grande 
:eucy  in  the  northwestern  part  of  Oregon.  On  his  way  he 
t  Dayton  and  made  collections  of  Shasta  and  Umpqua  worda 
hie  Indians.  On  the  Grande  Bonde  agency  are  found  a  large 
f  tribes  and  remnants  of  tribes,  which  were  collected  there  after 
)n  war  of  lS55-'56;  and  with  the  exceptions  of  the  Klikatats 

II  from  Western  Oregon.  Tbe  following  is  a  classification  of  tbe 
stocks  now  on  this  reservation:    Tinneb,  Siletz,  Wayiletpu, 

'sinak,  Sahaptin,  Selish,  Modok,  and  Kalapuya.  The Kalapuya 
pied  almost  the  whole  extent  of  tbe  beatiful  and  fertile  Willa- 
Uey,  and  one  branch  of  this  stock,  the  Youk^lla,  even  extended 
Qmpqoa  Valley. 

&lati  language,  a  dialect  of  tbe  Kalapuya  stock,  was  the  one 
y  Mr.  Gatscbet,  and  from  his  notes  the  following  characteris- 
ar:    Tbe  phonetics  are  strikingly  soft  and  barmoDioos,  and 
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though  coDsonants  are  often  assembled  in  large  clusters  they  never  of- 
fend the  ear,  nor  do  they  eeem  unpronounceable  to  Americans.  A  largo 
number  of  words  begin  with  vowels,  especially  with  a,  i,  and  u.  The 
substantive,  adjective,  and  numerals  are  not  inflected  for  case,  as  in  the 
Modok.  Adjectives  and  uamerals  aud  some  substantives  are  varied  to 
indicate  the  plural  number.  The  parts  of  speech  are  very  imperfectly 
differentiated.  The  personal  and  possessive  pronouns  have  the  same 
form.  Gender  as  a  distinction  of  sex  is  indicated  iu  the  siugular  of  sub- 
ject pronouns,  bat  not  in  the  plnral.  Prefix  particles  are  extensively 
used  to  express  the  mood,  voice,  and  tense  of  the  verb,  and  the  same 
particles  fulfill  this  function  in  the  noun.  The  personal  pronouns  of  the 
direct  object  differ  greatly  fix»m  the  pronouns  of  the  indirect  object ;  and 
every  one  of  the  three  persons,  iu  the  singular  and  plural,  possesses  a 
different  series  of  direct  and  indirect  objecUve  pronouns.  The  conjuga- 
tion of  the  transitive  verb  differs  in  many  particulars  fW>ni  that  of  the 
intransitive.  There  appears  to  be  structural  afBnities  between  the  Kala- 
puya  and  Setish  stocks.  Over  three  thousand  words,  many  hundred  sen- 
tences, and  valuable  ethnologic  texts  were  collected. 

Besides  the  Mich6pdo,  Modok,  and  Tu&Iati,  before  mentioned,  Mr. 
Gatschet  also  collected  vocabularies  and  sentences  of  the  following 
languages:  Shoshoni, Achom&wl, Shasta, Wintun, Waccan^ssisi, Wasko, 
Kl^kamas,  M6lele,  Kestucca,  Yamhill,  Lnkam4yuk,  and  Akantchnyuk. 
In  the  collection  of  all  these  vocabularies  the  "  Introduction  to  the  Study 
of  Indian  Languages,"  prepared  for  the  Smithsonian  Institutiou  by  Prof. 
J.  W,  Powell,  was  used. 

Dr.  H.  O.  Yarrow,  U.  S.  A.,  now  on  duty  at  the  Army  Medical  Mu- 
seum, in  Washington,  has  been  engaged  during  the  past  year  in  the  col- 
lection of  material  for  a  monograph  on  the  customs  and  rites  practiced 
in  the  disposal  of  the  dead  among  the  Korth  American  Indians.  To  aid 
him  in  this  work  circulars  of  inquiry  have  been  widely  circnlated  among 
ethnologists  and  other  scholars  throughout  iNorth  America,  and  much 
material  has  been  obtained  which  will  greatly  supplement  his  own  ex- 
tended observations  and  researches. 

During  the  summer  some  interesting  work  was  done  in  the  exami- 
nation of  the  stone  graves  of  Tennessee,  and  valuable  collections  were 
made.  Professor  Powell  hasco-operated  with  the  Institutionin  providing 
for  a  more  thorough  examination  of  the  archeology  of  the  islands  off  the 
shore  of  Southern  California.  This  exploration  was  made  by  Bev. 
Stepbeu  Bowers,  of  Indianapolis,  Ind.,  and  his  report  will  be  pnblished 
with  the  papers  of  the  Survey. 

A  small  volume,  entitled  "Introduction  to  the  Study  of  Indian  Lan- 
guages," has  been  prepared.  This  book  is  intended  for  distribution 
amoug  collectors.  In  its  preparation  Professor  Powell  was  assisted  by 
Prof.  W.  D.  Whitney,  the  distinguished  philologist  of  Yule  College,  in 
that  part  relating  to  the  representation  of  the  sonnds  of  Indian  lan- 
guages.   A  few  preliminary  copies  have  been  printed  and  distributed 
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amoQg  gentlemeo  interested  Id  the  stndy  of  Indian  languagea,  for  sach 
EtdditioDs  and  emendations  as  may  be  saggested  preparatory  to  final 
pablication.  A  tentative  clasBi&cation  of  the  lingnistio  families  of  tbe 
Indians  of  the  United  States  has  been  prepared.  This  will  be  pabliohed 
ae  soon  as  the  bibliography  is  ready. 

In  pursning  these  ethnographic  investigations  it  faasbeen  theendeavor, 
as  far  as  possible,  to  produce  results  that  would  be  of  practical  valuft 
in  the  administration  of  Indian  af^irs;  and,  for  this  purpose,  especial 
attention  has  been  paid  to  statistics,  the  progress  made  by  the  Indians 
toward  civilization,  and  the  causes  and  remedies  for  the  inevitable  con- 
flict that  arises  from  the  spread  of  civilization  over  a  region  inhabited 
by  savages.  It  is  believed  that  the  labors  in  this  direction  will  not  be 
void  of  useful  results. 

Survet/  of  the  Black  HilU. — In  1875  a  recoanaissance  snrvey  was  made 
of  the  Black  Hills  of  Dakota,  by  Mr.  Walter  P.  Jenny,  with  a  corps  of 
assistants,  under  the  direction  of  the  honorable  Secretary  of  the  Interior. 
On  the  return  of  the  party  from  the  field,  Mr,  Jenny's  report,  relating 
to  the  mineral  resources  of  the  country,  was  immediately  published ;  but 
the  geographical  and  geological  report  was  unfinished  at  that  time. 
This  latter  work  was  left  in  the  hands  of  Mr.  Henry  A^  XewtoD,  his 
geological  assistant,  to  be  completed.  On  May  28,  1877,  at  the  request 
of  Mr.  Newton,  the  completion  of  the  work  was  placed  under  the  direc- 
tion of  this  survey,  by  order  of  the  Secretary  of  the  Interior. 

Od  consultation  with  Mr.  Newton  it  appeared  wise  that  he  should 
visit  the  field  again,  for  the  purpose  of  determining  certain  doubtful 
jioints  in  the  geological  structure,  and  to  iusert  on  the  maps  the  position 
of  tbe  several  towns  and  roads  established  in  that  region  since  the  dis- 
covery of  gold ;  and  Mr.  Newton  was  employed  for  this  purpose.  He 
had  been  in  the  field  but  a  short  time  when  he  was  prostrated  by  the 
sickness  which  resulted  in  his  death.  Frevions  to  bis  departure  he 
completed  his  report  on  tbe  geology  of  tbat  country,  and  tbe  map  bad 
been  placed  in  the  hands  of  an  engraver;  the  whole  embodying  all  the 
facts  discovered  up  to  that  time.  Thus,  happily,  his  work  will  not  be 
lost.  It  is  expected  that  his  report  will  be  published,  during  the  present 
winter,  In  the  shape  in  which  it  was  left  by  bim. 

The  death  of  Mr.  Newton  makes  a  serious  break  in  the  ranks  of  the 
younger  and  more  active  geologists  of  America.  He  possessed  rare 
abilities,  had  much  experience  in  field  operations,  and  bad  received 
thorough  and  wise  training ;  and  his  work  in  other  fields  had  exhibited 
his  ability.  But  the  great  work  of  his  short  life  will  doubtless  be  bis 
report  on  the  geology  of  the  Black  Hills  of  Dakota. 

During  the  past  six  years  one  branch  of  the  work  of  the  Survey  has 
been  considered  of  paramount  importance,  namely,  the  classification  of 
lands  and  tbe  subjects  connected  therewith.  The  object  has  been  to  de- 
termine the  extent  of  irrigable  lands,  timber  lands,  pasturage  lands, 
coal  lands,  and  mineral  lands.    In  general  tbe  lands  that  are  cultivable 
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only  througli  irrigation  ate  limited  by  tbe  supply  of  water.  There  are 
gome  exceptions  to  tbia.  Wbere  streams  are  found  in  Qa^'o^y  valleys 
or  ran  in  deep  cauons,  the  limit  of  agricultaral  land  is  determined  by 
the  extent  of  tbe  areas  to  which  tbe  water  can  be  coodacted  with 
proper  engineering  skill.  In  tbe  stndy  of  this  subject  many  iutfiresting 
and  important  problems  have  arisen,  and  many  valnable  facts  bave 
been  collected. 

From  the  survey  of  tbe  timber  lands  one  very  important  fact  appears, 
that  the  area  where  standing  timber  is  actually  found  is  very  much 
smaller  than  the  areas  where  the  conditions  of  physical  geography  are 
snob  that  timber  should  be  found  as  a  spontaneous  growth ;  that  i.s,  the 
area  o/timber  is  but  a  small  fraction  of  the  timber  region.  The  destrnc- 
tion  of  the  timber  in  such  regions  now  found  nailed  is  dne  to  tbe  great 
fires  that  so  frequently  devastate  these  lands ;  and  tbe  amount  of  tim- 
ber taken  for  economic  purposes  bears  but  an  exceedingly  small  ratio 
to  the  amount  so  destroyed.  Hence  tbe  important  problem  to  be  solved 
is  the  best  method  by  which  these  fires  can  be  prevented. 

Another  subject  which  has  received  much  attention  is  the  utilization 
of  the  pasturage  lands;  end  still  another,  the  best  methods  of  survey- 
ing tbe  mineral  lands  for  the  purpose  of  description  and  identification, 
that  the  owners  of  mines  may  be  relieved  of  tbe  great  burden  of  litiga- 
tion to  which  they  ore  subjected  by  reason  of  the  inaccurate  and  ex- 
pensive methods  now  in  vogne. 

■UNITED  STATES  GEOGEAPniOAL  SUEVETS  WEST  OP  THE  ONE-HDN- 
DEEDTH  MEBIDIAN,  IN  CDABGE  OP  FIEST-LIEUT.  GSOEGE  M. 
WHEELER,  CORPS  OP  ENGINEERS,  TJ.  S.  ARMY,  IN  X877. 

The  geo^aphical  surveys  west  of  the  one  hundredth  meridian, 
under  First-Lieut.  George  M.  Wheeler,  Corps  of  Engineers,  United  States 
Army,  for  the  field  season  of  1877,  were  condunted  in  three  sections, 
named  the  Colorado,  Utah,  and  California  sections,  respectively.  In 
each  section  were  two  main  parties,  besides  special  parties  in  the  Utah 
and  California  sections,  making  ten  in  all.  One  of  the  special  parties  in 
Utah,  being  under  the  immediate  command  of  Lientenaut  Wheeler,  oper- 
ated in  tbe  northern  part  of  that  territory  and  sonthern  part  of  Idaho; 
others  nnder  bis  immediate  direction  were  engaged  in  Utah,  Idaho,  and 
Nevada. 

(1)  The  parties  of  the  Colorado  section,  nnder  Lienteoauts  Bergland 
and  Morrison,  operated  from  Fort  Lyon,  Colo.,  the  former  wholly  in 
Colorado,  and  the  latter  mostly  in  New  Mexico,  and  to  some  extent  in 
Colorado  and  Texas,  The  special  field  of  the  former  was  in  the  Un- 
compahgre  region,  tbe  topography  and  drainage  of  which  were  deter- 
mined, and  the  Uunnison  and  Tnmichi  rivers  gauged,  and  mines  of  tbe 
locality  examined.  The  country  examined  is  well  watered,  with  plenty 
of  fish  and  game,  rich  minerals  in  the  monntains,  and  portions  of  the 
vnlley  of  the  Uncompahgre  good  for  agricultural  purposes.  For  the 
greater  part  of  tbe  season  the  party  nnder  Lieutenant  Morrison  was 
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eogaged  ill  GeDtriil  Xew  Mexico,  soutb  and  Boacheast  of  Santa  F^,  in 
the  area  of  atlaa-sheets  77  D  aotl  84  A  and  84  B.  Throughoct  the  Bio 
Grande  and  Fort  Stanton  sections,  good  agricultural  lands  were  foand, 
and  copper,  silver,  and  gold  deposits  in  the  monntainB.  Ancient  pae- 
blos,  among  them  the  "Gran  Quivira,''  were  visited,  and  a  cave,  la  the 
limestone  near  Fort  Stanton,  was  explored  for  the  distance  approsi- 
mately  of  one  mile. 

The  various  parties  in  the  Utah  section  took  the  field  from  Ogden, 
that  one  andor  Lieutenant  Tillman  operating  in  the  area  between  the 
meridians  of  111°  and  112°  20'  west  longitude,  aad  the  parallels  of  43°  Iff 
and  41°  4fy,  The  work  was  connected  with  a  base  measured  at  Ogden. 
The  whole  area  was  triangalated  aud  numeroas  secondary  points  located. 
About  3,000  square  miles  were  surveyed,  and  the  data  collected  to  com- 
plete adas-ebeets  32  D  and  41  B.  Id  September,  Lientenant  Toang, 
Oorps  of  Engineers,  took  charge  of  this  party,  aud  Lientenant  Tillman 
proceeded  to  Fort  Ellis,  Montana,  where  he  measured  a  base-line  in  the 
vicinity  of  the  main  astronomical  station  at  Bozeman,  for  fotare  nse. 
laeutenant  Biruie,  in  charge  of  Utah  party  No.  2,  operated  in  an  area 
connecting  with  the  geological  exploration  of  the  fortieth  parallel  nnder 
Clarence  King,  with  a  view  to  fluishing  the  work  on  atlas-sheets  41  A 
and  32  C,  containing  approximately  6,800  square  itiiles.  This  area  in- 
cludes the  great  basin  north  of  Great  Salt  Lake;  the  draiDage  basin  of 
Snake  Eiverj  several  detached  mountain  groups,  which  were  ezamioed 
for  low  passes,  these  passes  being  also  examined  as  to  their  altitude 
compared  with  the  highest  beach-marks  of  the  ancient  Lake  Bonne- 
ville; and  north  of  Snake  River  an  nnbroken  lava  desert,  remarkable 
for  its  rock  surface,  almost  entire  absence  of  water,  and  fine  grazing 
near  the  few  watercourses.  In  the  mountains  some  timber  was  found, 
and  they  have  been  prospected  for  silver  in  the  Clear  Creek  and  Black 
Pine  regions,  from  which  a  few  streams  run  toward  Great  Salt  Lake,  to 
be  lost,  however,  in  the  neighboring  valleys.  Cattle-raising  is  exten- 
sively carried  on  upon  the  grazing-fields  in  the  vicinity  of  the  numerous 
tributaries  of  Snake  Biver,  running  south  &om  the  mountains.  Snake 
Birer  was  ganged  and  examined  for  fords,  and  the  party  made  several 
trips  outside  the  area  particularly  alluded  to,  one  being  for  the  purpose 
of  determining  the  course  of  Wood  River,  and  to  examine  and  locate 
the  Great  Shoshone  Falls. 

The  parties  of  the  Calilornia  sections  took  the  field  from  Gstsod, 
Nov.,  in  June.  One  under  Lieutenant  Symons,  Corps  of  Engineers, 
occupied  the  area  of  atlas-sheets  38  B,  38  D,  and  47  B,  for  the  prosecu- 
tion to  completion  of  the  work  therein.  A  side  party  made  the  detoor 
of  Pyramid  Lake  for  the  purpose  of  occupying  outlying  triangulatiou 
stations,  the  main  triangulatiou  being  extended  over  the  whole  area  to 
be  surveyed.  The  main  party  worked  from  Honey  Lake  Valley  north 
to  Eagle  Lake,  Horse  Lake,  Smoke  Creek,  the  Madelin  Plains,  and  by 
the  Warner  Bange  to  the  west  of  Goose  Lake  to  Drew's  Valley,  in  Ore- 
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goD,  all  of  which  area  waa  occupied  with  a  view  to  correct  topographical 
data,  and  the  triangulatioa  carried  as  far  north  as  Beattj'a  Bntte. 

Betaming  by  the  eaBt  shore  of  Goose  Lake,  Granite  Moantaio,  aad 
Honey  Lake,  to  Verdi,  Sw.,  a  base  line  was  measared  and  the  triangu- 
latioo  of  1876  aod  1877  connected.  The  country  Burveyed  by  this  party 
embraced  parts  of  California,  Oregon,  and  Nevada,  and  is  of  volcanic 
origin.  Water  is  scarce,  and  except  in  the  valleyB  there  is  scanty  veg- 
etation. 

The  pfkTty  ander  Lieatenant  Macomb  paraned  its  labors  principally  in 
the  area  of  atlos-sbeets  47  D  and  66  fi;  its  route  was  np  CarstHi  Valley 
and  cafion  into  Hope  Valley  to  Placerville,  Gal. ;  thence  north  and 
among  tbe  headwaters  of  the  Americsn  and  Tnba  rivers,  connecting 
with  work  of  the  previons  year.  In  Aagost  it  again  moved  from  Placer- 
ville eastward  across  tbe  Sierras,  occnpying  unmerona  triangnlation 
points,  to  Silver  City.  Thence  it  moved  south  to  Sonora  Pass,  and  as 
fJEU-  as  Bridgeport,  Oal.  From  thence  its  course  was  north  by  tbe  Sweet 
water  Monntains,  and  west  by  San  Andreas,  to  Silver  City,  for  sup- 
plies, at  which  point  the  geologist  was  occupied  for  nearly  a  month  in 
the  moantains  east  of  Oaraon  Valley,  and  the  field-season  closed.  The 
following  sammary  ^ows  a  number  of  the  principal  instrumental 
observations  made: 

Komber  of  azimuths  measured,  13 ;  number  of  sextant  latitude  sta- 
tions oocopied,  118;  number  of  main  triangnlation  stations  occupied, 
108;  namber  of  secondary  triangnlation  points  occupied,  263;  numberof 
three-point  statious  occupied,  1,414 ;  number  of  meander  stations  occu- 
pied, 11,227;  nnmber  of  variationsof  tbe  needle  taken,  423;  numberof 
miles  measured,  9,728;  nnmber  of  cisteru-barometer  stations  occupied, 
1,255 ;  number  of  aneroid  stations  occupied,  7,558.  The  highest  alti- 
tude noted  was  14,415  feet,  and  tbe  lowest  900  feet,  the  latter  at  San 
Andreas,  Cal. 

The  special  parties  operating  iu  Utah,  Idaho,  and  yevada,  other  than 
lieutenant  Wheeler's,  consisted  of  Dr.  Kampf,  Miles  Bock,  and  Francis 
Klett,  and  their  assistants.  The  results  of  their  labors  consist  in  the 
establishment  of  a  number  of  mitin  triangnlation  stations,  the  measure- 
ment of  three  bases,  the  occupation  of  a  nnmber  of  trigonometric  stations 
in  the  valley  of  the  Great  Salt  Lake  about  Ogden,  and  the  measurement 
of  several  minor  traveled  routes  from  the  Uuiou  Pacific  Bailioad  to  the 
northward.  Tbe  special  parties  in  the  California  section  were  occupied, 
one,  nnder  Mr.  Weyss,  in  the  Lake  Tahoe  region,  productive  of  very 
interesting  topographical  results;  and  one,consi8tingof  John  A.  Church, 
mining  engineer,  and  A.  Karl,  in  a  critical  survey  of  the  Oomstock 
Mines,  an  interesting  preliminary  report  of  which  has  been  made 
by  Mr.  Church.  The  examination  of  the  Washoe  mining  region,  in 
which  tbe  famous  Comstock  lode  is  situated,  consists  of  an  elaborate 
coDtonr  survey  of  tbe  entire  area  covered  by  the  mining  and  milling 
works,  delineated  upon  a  scale  of  one  inch  to  five  hundred  feet,  each 
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contour  representing  a  vertical  distance  of  fifty  feet.  Tlie  field-work  for 
this  purpose  is  dow  completed.  Cross-sections  at  horizontal  distances 
of  one  handred  feet  are  being  made;  the  workings  along  each  of  the 
opened  levels  of  the  Domeroas  mines  are  being  mapped,  and  a  longi- 
tndinal  section  on  an  appropriate  scale  will  show  most  accorately  the 
relative  position  of  the  mines,  their  present  openings,  and  the  lines  of 
all  tnnnels,  inclading  the  Sutro  Tunnel.  In  this  work  the  engineers 
and  surveyors  of  the  region  have  gratuitously  contributed  the  use  of 
their  maps  and  tracings  made  by  them  for  the  several  mining  companies, 
and  especially  Mr.  L  E.  James,  whose  name  in  this  relation  has  been 
connected  with  the  Oomstock  Mines  almost  continuously  since  their 
early  working.  The  examinations  proposed  to  be  made  include  the  sub- 
ject of  temperatures,  ventilation,  drainage,  and  treatment  of  ores.  In 
this  work,  that  must  cover  a  number  of  years  in  order  to  prove  success- 
ful, the  ofBcer  in  charge  will  be  able  to  devote  some  of  his  time,  and  the 
different  problems  involved  will  be  submitted  to  experts  in  the  branches 
of  geology,  mineralogy,  and  metallurgy. 

Mr.  Henshaw,  zoological  assistant,  accompanied  party  No.  1  of  the 
California  section  as  far  as  Southern  Oregon,  and  largely  supplemented 
the  collections  made  during  the  previous  year  illnstrative  of  the  zoology 
of  that  interesting  region.  The  habits  of  the  water-birds  were  carefully 
studied,  and  large  collections  made  of  shins  and  eggs.  A  thorough  col- 
lection of  fishes  was  also  made,  and  the  discovery  of  a  large  and  fine 
trout,  one  of  two  species  inhabiting  Lake  Tahoe,  is  announced.  The 
Lepidoptera,  Orthoptera,  &c.,  gathered  have  yet  to  be  examined  and  re- 
ported upon. 

Mr.  A.  H.  Gonkling  accompanied  party  Ko.  2  as  geological  assistant, 
and  examined  the  eastern  and  western  slopes  of  the  Sierras,  in  coDtin- 
nation  of  previous  examinations.  Some  important  mining  stations  were 
visited,  inclading  Bodie,  where  new  and  promising  discoveries  of  gold- 
bearing  quartz  have  been  recently  found,  and  Aurora,  which  is  again 
becoming  prominent.  Tlie  country  examined,  however,  offers  few 
problems  of  interest  to  the  geologist,  presenting  a  monotonons  uniform- 
ity of  structure,  granitic  rocks  laigely  predominating,  with  occasional 
evidences  of  volcauic  outbursts.  Volcanic  breccia  abounds  in  some 
sections.  Evidencesof  glacial  action,  so  abundant  at  Lake  Tahoe,  were 
found  at  various  points  southward,  notably  about  the  headwaters  of 
the  Stauislans,  American,  and  Mokelumno  rivers.  A  small  collection 
of  vertebrate  fossils  of  the  Tertiary  age  was  made  near  Carson,  Nev. 

At  the  Washington  office  the  usual  number  of  draughtsman  have 
been  continuously  engaged  upon  the  topographic  sheets  in  course  of 
construction,  upon  scales  of  one  inch  to  eight  miles,  one  inch  to  four 
miles,  oue  inch  to  two  miles,  one  inch  to  one  mite,  and  one  inch  to  two 
thousand  feet.  The  number  of  sheets  so  projected  as  to  conjoin,  cover- 
ing the  entire  area  of  survey,  is  95,  each  19x24  inches.  Many  of  these 
sheets  are  now  complete,  and  tbirty-two  sections  to  be  represented  by 
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distinct  sbeets  bave  been  entered.  The  geological  maps  are  based  upon 
the  topographical -atlas  sheets,  and  have  corresponding  numbers.  The 
following  sheets  appear  with  the  annual  report  submitted  to  the  Chief 
of  Engineers,  June  30, 1877,  viz :  Atlas-sheet  53  C,  embracing  portions 
of  Central  Colorado,  and  showing  the  drainage-basin  of  the  South  Platt« 
Blver ;  61  B,  Central  Colorado,  showing  portions  of  the  drainage  basin 
of  the  Eio  Grande,  Arkansas,  Gunaison,  and  South  Platte  rivers,  indi- 
cating economic  features ;  61  C,  sub,  part  of  Southwest  Colorado,  aud 
drainage-basins  of  the  Gunnison,  Bio  Grande,  Animas,  Miguel,  and  Un- 
compabgre;  61  D,  embracing  portions  of  Southern  Colorado,  and  lying 
principally  in  the  drainage-basin  of  the  Bio  Grande ;  65  D,  embracing  a 
portion  of  Sontheastern  California,  showing  the  interior  basin  of  Fana- 
mint  and  Beath  Valleys,  Amargosa  Biver  and  Owens  Lake  drainage ; 
69  B,  Soathem  Colorado  and  Northern  New  Mexico,  lying  principally 
in  the  drainage-basins  of  the  Bio  Grande,  Conejos,  Cbama,  and  lifavajo 
rivers  ;  70  A,  Southern  Colorado  and  Northern  New  Mexico,  showing 
the  drainage-basins  of  the  Fargatory  and  Canadian  rivers,  and  Costilla 
and  Calebra  creeks;  70  C,  Northern  New  Mexico,  and  drainage-basins 
of  the  Canadian  and  Mora  rivers;  and  77  B,  embracing  portions  of 
Central  New  Mexico,  and  lying  in  the  drainage-basins  of  the  Bio  Grauda 
and  Pecos  rivers. 

All  th^e  sbeets  except  53  C  and  61  D  show  economic  features  of  the 
areas  represented  by  arrangement  of  colors. 

A  temporary  field  ofBce  has  been  established  at  Ogden,  where  time 
and  meteorological  observations  are  being  taken,  and  the  farther  topo- 
graphical and  liydrographical  survey  of  the  Great  Salt  Lake  basin  is 
being  carried  forward  by  a  special  party. 

Doling  the  year,  volume  IT  of  the  quarto  reports  on  Paleontology 
lias  been  published,  and  volume  II,  on  Astronomy  and  Barometric  Hyp- 
sometry,  is  passing  through  the  press;  as  is  also  a  catalogue  of  the 
mean  declinations  of  2,018  stars,  which  useful  work  will  supply  all  the 
needed  latitude  stars  for  the  entire  area  west  of  the  one  hundredth  me- 
ridian firom  latitude  30'^  to  60'^  N.  During  that  part  of  ea«h  year,  i.  e., 
from  May  to  December,  in  which  the  season  ia  best  adapted  for  such 
observations,  it  will  appear  that  this  Survey,  having  at  its  base  the  sys- 
tematic collection  by  the  most  scientific  method  of  topographical  data 
for  an  accurate  map  of  the  Westeru  mountain  region,  has  gone  on  with 
its  asnal  vigor,  having  now  prosecuted  its  labors  in  the  States  and  Ter- 
ritories of  Texas,  Colorado,  Nebraska,  California,  Nevada,  Oregon,  New 
Mexico,  Arizona,  Utah,  Wyoming,  Idaho,  and  Montana,  and  already 
published  original  maps  covering  an  area  of  242,698  square  miles.  It 
will  be  seeo  that  considerable  progress  has  been  made  toward  the  com- 
pletioD  of  the  great  topographical  map,  on  a  scale  of  one  inch  to  eight 
miles,  that  will  embrace  an  approximate  area  of  1,443,360  square  miles; 
or  an  area  considerably  larger  than  that  embraced  by  all  the  States  lying 
east  of  the  Mississippi  Biver. 
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STATISTICS   OF  ESCHiNGES. 
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Table  tkoaing  the  number  of  entries  in  Ike  record-bootee  of  Ike  Uniled  States  National  Mueeum 
at  the  close  of  the  years  1876  and  1877,  respeativeli/. 
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LIST  OP  DONATIONS  TO  THE  NATIONAL  MUSEUM  IN  1877. 

Alaska  Commercial  Company,  San  Francisco,  Cat.  Twosbiasof  the  blae 
fox  and  two  of  the  white  fox  {Vulpeg  lagopva),  from  the  Prybilov 
Islatids,  Alaska. 

Ammea,  Commodore  Ifaniel,  SydroffrapAie  Office.  Soundings  of  the  United 
States  steamer  Gettyeharg,  on  the  Gorringe  bank. 

Anderson,  W.    Bones,  shells,  &c,  from  cave  in  Ohio. 

Appleton,  B.  M.  {through  John  Sutherland).  Salmon-tront  and  wfaite-flsbt 
from  Lake  Winnipiseogee,  New  Hampshire. 

Arnold,  J.  Edward.  Three  eggs  of  selaxshiao,  from  Santa  Monica  Bay, 
California. 

Atkins,  Charles  0.  Collection  of  fishes  (aalmon,  white-fish,  snckera,  &c.J, 
fh>m  Grand  Lake  Stream,  Maine. 

Anderson,  WUliam.    Box  of  stone  implements  and  pottery,  fiom  Hlinois. 

Sabcock,  Z.  L.    Skin  of  Sedymeles  ludovieianus,  &om  Massaehaeetts. 

Baird,  Prof.  8.  F.  Three  everglade  kites,  two  boxes  fishes,  reptiles, 
shells,  seven  boxes  tnrtles,  fishes,  &C.,  and  potstone dish  from  Florida; 
two  boxes  of  fishes  from  Wilmington,  N.  C;  box  of  fishes  &om  Charles- 
ton, S.O.;  foor  living  terrapins  from  North  Carolina;  stone  tube  from 
Tennessee,  and  specimen  each  of  Morpho  eypria  and  JIf.  menelaus, 
tiom  Sooth  America. — See,  also,  WasMngion,  United  States  Fish 
Commission. 

Baldwin,  D,    Skall  of  black-tailed  deer,  and  skeletons  of  skunks. 

Balhyu,  W.  S.    Box  of  Indian  relics,  from  Oak  Harbor,  Oblo. 

£annuter,  Marslxall.    Box  of  skius  of  Massachusetts  birds. 

Barber,  E.  A.  Skin  of  loon,  from  California  {collected  by  J.  H.  Bnel), 
box  of  fossils,  shells,  and  minerals,  from  Colorado  and  Arizona. 

Barringer,  A.  L.    Four  boxes  of  living  suakes,  from  North  Carolina. 

BassBtt,  William.  Specimen  each  of  shad  and  cat-fish,  from  the  Sacra- 
mento Biver. 

Beach,  Miss  Agnes,    Horned  toad  {Phrynosoma),  from  Colorado. 

Beach,  Seth.    Piece  of  enamel  of  tusk  of  mammoth. 

Bean,  Br.  T.  S.  Skin  of  night-jar,  specimeua  of  ffybognathua  regius, 
Pseudoplcuronectes  americanus,  and  plaice,  Plevronectes  glaher;  frogs, 
(Rana  hal£cina  and  B.  elamitans],  from  Washington,  D.  C;  three  boxes 
of  stone  implements,  from  Baiubridge,  Pa.,  and  stone  celt,  ftom  Ma- 
ryland. 

Bean,  Dr.  T.  R.,  &  F.  H.  Cushing.  Collection  of  fragmentary  pottery, 
arrow  heads,  &c.,  &om  Washington,  D.  O. 

Beardslee,  Co7nmander  L.  A.,  U.  8.  N.  Box  of  salmon  and  trout,  from 
Piseco  Lake,  New  York. 

Beaty,  John  F.    Ball  of  matted  hair  taken  from  stomach  of  Texas  ox. 

BeatuAamp,  Bev.  W.  M.  Box  of  stone  implements  and  shells,  Scorn  Weat* 
ern  New  Tork. 
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Beaumont,  Thomas.    Specimeus  of  arrow-beads  and  rocks,  from  KaasaB. 
Seckicith,  J.  B.    Devil  beetle  {Dynastes},  from  New  Orleans,  La. 
Belding,  L.    Large  collection  of  birds'  Bkins,  from  California. 
BelHnijer,  Edmund.    Narcotic  bean  (Indian  "  Freholea"),  from  Texas. 
Beneclcey  Louis.    Box  of  minerals,  from  Missouri, 

Bennett,  Br.    Jaw  of  fossil  Macropua,  from  Darling  Downs,  Queensland. 
Bennett,  0.  J.    Collection  of  arrow-beada  and  obippings,  from  Virginia. 
Bennett,  Hairy  B.    Fragments  of  pottery,  from  near  Cape  Henlopen. 
Berlin,  A.  F.    Collection  of  rude  stone  implements,  &om  Pennsylvania, 
Bemays,  Dr.  F.  T.    Echinoderm,  from  Missonri. 
Binney,  W.  G.    Seven  species  of  Helices. 

Bishop,  J.  Of.    Box  of  17-year  locnst  and  box  of  minerals,  from  Con- 
necticut. 
Blackford,  Eugene  Q.    Specimens  of  bine-back  trout,  Backers,  Cristivomer 
namaycush,  Salmo  salar,  Coregonus  albus,  Lota  lacustris,  Alepidosaurus 
ferox,  Argyrosomus  tullibee,  smelt,  Esox  nobilior,  LachnoliBmus,  Ostra- 
eion,  sbad,  Bermndian  prawn,  oyster  shells,  and  many  other  species 
■of  fishes,  ft«m  varions  localities  in  tbe  United  States. 
Bland,  Thomas.    Nine  species  of  Helices. 
Boardvian,  Geo.  A,    Egg  of  Aramus  gigantetts ;  mounted  skin  of  albino 

robin  from  Maine ;  skins  of  blue  heron  and  hawk,  from  Florida. 
Boekmer,  Geo.  H.    Nest  and  4  eggs  of  crow,  from  Maryland. 
Boicers,  Ben.  Stephen.    Forty-four  boxes  of  ethnological  collections,  from 

Santa  Barbara,  Cal. 
Boyd,  Dr.  8.  B.    Shed  skin  of  black  snake. 

Brackett,  Col.  A.  6.,  V.  S.  A.    Box  of  birds'  skins  and  eggs,  from  Wyom- 
ing. 
Brann/ord,  Dr.  John  F.,  U.  S.  if.    Thirty-fl  ve  boxes  of  pottery  and  tank  of 

alcoholics,  from  Nicaragua. 
Brasllian  Vommisaion,  Philadelphia.    8i>eclmen8  of  glue,  marine  grasses, 

&c. 
Brodnax,  Benj.  H.    Indian  utensils,  and  iron  dust,  from  Plaotersville 

La. 
Brown,  A.    Centipede  and  tarantula,  from  Texas. 
Brown,  Dr.  J.  J.    Box  of  Pupas,  Heliceg,  &c.,  from  Bermuda ;  specimen 

of  Chrosomus  erythrogmter,  from  the  Baraboo  River,  Wisconsin. 
Bruner,  C.  C.    Box  of  invertebrate  fossils,  from  the  Mississippi. 
Bunting,  Gen.  T.  B.    Two  stone  idols,  from  Guatemala. 
Butler,  A.  W.    Skin  of  Begulm  calendula,  from  Indiana. 
Carley,  B.  J.  M.    Specimen  of  borer-clam,  and  box  of  Calcutta  oysters. 
Carpenter,  Lieut.  W.  L.,  U.  8.  A.    Box  of  birds'  eggs,  from  the  West. 
Case,  H.  B.    Casts  of  stone  implements,  from  Ohio. 
Casey,  Edward  P.    Carved  black-slate  dish,  from  tbe  northwest  coast. 
Catlin,  J.  C.    Insect,  from  Ohio. 

Centennial  Board  of  Mitance,  Philadelphia.    The  Sw^edish  exhibit  of  iron 
and  steel  at  tbe  Vienna  Exposition  of  1873. 
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Chapman,  N.  A.       Stooe  implements,  from  Ohio. 
Ckaae,  Orem  M.    Specimeu  of  Lota  lacuatriSf  ttom  Detro' 
Cheater^  Capt.  S.  G.    Stomacha  of  mackerel,  from  Fisher" 
Glarit,  Geo.  A.    Spider,  from  WaBhiagtoa,  D.  0. 
Cleneay,  Tliomas.    Collection  of  Btone  implements,  from 
CoggaweU,  Amos.    Specimen  of  silver  ore,  &om  Oregon. 
Goleman,  George.  8.    Specimen  of  coal,  firom  Texas. 
Colvitt,  Verplanck,    Specimens  of  white-fish  and  salmon. 

and  Bisby  Lakes,  "Sew  York. 
Goues,  Dr.  Elliottf  U.  8>  A.    Mve  skins  of  birds,  frou 

Dakota, 
C&ulter,  B,  M,    Crastaeeau  {Brancklpus),  from  Ohio. 
Covp,  W.  G.fN'ew  York  Aquarium.    Flying-fox  (Pfero^J 

Axoloil,  from  Germany. 
Courtenay,  William,    Insects,  from  Dakota. 
Gruger,  Kortwright,    Fresh-water  polyp. 
CunningJiam,  K.  M.  G.    See  Oaines. 
Gushing,  Frank  H.  and  Eeary  J.  BidtUe.    Three  boxc 

from  Hagerstown,  Md. 
Oheaeg,  8,  F.    Star-fish  and  specimens  of  coral,  from  0 
Daggett,  P.    Eocks  and  minerals,  from  Vermont. 
Day,  Robert.    Two  fish  {Gyprinodonts). 
De  Becky  D.  W.    Collection  of  fossils. 
Derry,  C.  W.    Box  of  silver  ores,  from  the  "  J.  D,  D 

vllle,  Colo. 
Dimoek,  W.  D.    Stone  implement,  from  Ohio. 
Doron,  T.  8.    Specimens  of  hahes,  from  the  Alaban 
Doughertymlle,  Tenn.,  Quarry  Company.    Slab  of  m;; 
Downing,  8.  W.    Sulphate  of  soda,  in  deposit  and  ^ 
Duffy,  Daniel  J.    Specimens  of  Doroaoma  and  Syod 

see  Biver. 
Dugea,  Dr.  Don  Alfredo.    Box  of  birds'  skins,  from 
Dunn,  Geo.  S.    Casts  of  stone  implements  and  imaj 

Ohio. 
Dunn  Brotliera,  Philadelphia.    Three  boxes  of  Ghiu 
Du  Pre,  D.  A.    Box  of  fossil  plants,  from  Virginia 
DickiTiaonf  E.    Specimens  of  birds'  eggs,  from  Pa' 

eggs  of  Selasophorua  alleni,  from  California. 
Ha^ton,  D.  M.    Specimens  of  quartz,  from  New  B; 
Edwardi,  Vinal  N,    Thirteen  boxes  of  fishes,  fro' 

ctiusetts. 
Elliott,  B.  8.    Bone  from  roaod  of  beef  with  circ 
ElUwortb,  E.  W.    Collection  of  shells  and   woi 

Connection  t. 
Eversjieldy  Dr.  W.  0.    Drilled  ceremonial  implei- 
Ferguaon,  8.  W.    Live  snapping  turtle  and   spi 

from  the  Mississippi  Biver. 
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FiaheTf  Miss .    CoHeotioo  oC  Bt^ah  moases; 

Flock,  J,  0.    Speoimen  of  ore,  frwar  Foct  SmitbT  Arki 

F099,  y^-  S.    Specimen  of  fossil  (AUoriaau),  firom.  IndlaDA. 

Fori,  Jolm,.   SHmm  inipleowBlf.&raia  Illinois. 

For  A,  J.  Bt    QoavtB  pebble. 

Forrug,  D.  8.    Speoimen  ot  magnetic  inon,  from  Virginia. 

Fox,  W.  R.    Thirteen  bird's  skins,  fcoxa  Kew  Hampshire. 

Frink,  W.  B.    Specimen  of  soanding  sand,  &on  Kaaia,  Hawaii. 

Frith,,  David  R.    N'ative  Oarib  ohaire,  from  Turk's  IiUand,  West  Indies. 

Fuller,  Oapt,  Joteffh  J.    OoUeotiQn  of  fi^os,  birds  and  mammids,  firom 

Kergnelen  Land,  8.  A. 
Fitzhugh,  D,  A.    0|>ecimeD8  o£  JioUmigoitus  (^irytoleueat,  from  Bay  Oity, 
Mich. 
Oabb,  Dr.  W.  M.    Two  wooden  idols  and  box  of  alooholicsi  ftvm  St. 

Domingo ;  one  Oarib  woodm  obair,  two  wooden  Carib  carvings; 
Qainea,  Maj.  A.  8.<&,  K.  M,  OunniN^Aam.    Two  boxes  of  pottwy,  from 

Mobile,  Ala. 
QaU)raiiik,F.  0.    Arrow  points  and  stone  implements,  from  Bainbridge, 

Pennsylvania. 
Oarrethf  J.  E.    Kewt  in  ^o<AoI,  firom  Pennaylvania. 
Oarland,  Maurice  U.    Bed-tailed  liawk  (  BvUo  borealia),  from  Virginia. 
Gibbff  Qeoi,  J.    Corals,  ball  of  matted  bair  from  stomarii  ofcow,  seeds 

of  giant  yellow  atramoiuBm,  and  ■-  Btcme  relics,  from  Turk's  Island, 

W.I. 
only  Mrs.  Charlotte.    Inseel8>  ftem  0(dMado. 
Glatai  Dr.  J.  R.    Box  of  sbells,  from  Oneida  Ooaoty,  K  T. 
Qcodale,  8.  L.    Samples  of  Meubaden  oil  and  extractwm  camia. 
Oootiti,  Q.  Brown.    OoUectloos  of  fishes,  shells,  coral,  twenty-two  egga  of 

Phaeton  Jlavioauda,  and  fish-trap  (model),  from  Bermnda ;  specimen  of 

salmon,  from  the  Cooneotieat  Biver. 
Oordon,  J.  J.    Specimen  of  coal,  from  West  Virginia. 
Graham,  J.  B,    Mod^-  of  fisk-w«n 
Grant,  OmertU  U.  8.    BastofQeneral  Grant  exeooted  In  wire,  exhibited' 

by  the  FeroTian  section.  International  Exhibition,  1876. 
Greegor,  I.    OoUeotioii:  of  Indian  rditss,  &om  Florida. 
Gregg^A.  -Photograph  of  stem  an  of  daer. 
Qrieat,   Jesse  W.,   United  States  Indian  agent.    Specimen  of  mineral, 

from  Otoe  agen^,  Kebraska. 
Gundlach,  Dr.  Juan.    Ten8|>eirimensof'  birds'  skina,  from' the  West  In- 
dies. 
Baldeinan,  Dr.  8.  8.    Indian  slnngshot  and  plnme,  collected  by  Lewis 

and  Clarke  expedition. 
Hall,  M.  E.    Fraak'aDdaleobolioBpeeimens  of  heiTing,  from  Lake  CbaiB- 

plain. 
Hail,  Oapt.  W.  Q.    Basket,  ceremonial  ax,  and  collection  of  Bhells,  from 

the  Sontb  Sea  Islands. 
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Sailer,  Chris.  D.    Albioo  robio,  Id  flesh,  from  Yirginia. 

Sallook,  Oharlei.    CoUeotiOD  of  alcoholic  fishes. 

Hammona,  S.  C,    Minerals,  fh)m  Alabama. 

Bardmburgh,  A.  B.,  United  Statet  surveyw-geraral,  Cali/omia.  Speci- 
mena  of  gold,  silver,  and  other  ores  from  varioas  miDBs  in  Oalifoniia. 

JSmkin,  S.  D,  Lydite,  celt,  and  doable-grooved  stone  ax,  from  lennes- 
see. 

Sarman,  A.  G.    Broken  antmr-head. 

Sayaard,  F.  W.    Collection  of  sirens,  from  Socth  Carolina. 

Sessel,  S,uAolph.    Specimen  ot  ABtaoua  fivviatiUg,  from  Bohemia. 

Hewitt,  H.  N.    Specimen  of  pike. 

Sewitt,  John  B.    Entozoio  vorm,  from  liver  of  cat. 

Hilder,  IVed.  F.    Collection  of  moand  pottery,  from  Missoan. 

Sill,  Charlotte.    Fossil  insects  and  leaves,  from  Colorado. 

Bill,  H.  S.    Casts  of  stone  implements,  from  Ohio. 

Mimes,  Prof.  Chas.  F.    Bones,  from  cave  near  Hagerstown,  Md. 

Birst,  F.  Collections  of  fossil  sbells,  bones,  fishes,  Indian  stooe  imple- 
ments and  pottery,  birds'  eggs  and  skins,  fishes  and  worms,  and  skall 
of  Castor  fiber,  from  Wyoming. 

Bitchcock,  S.  S".  Skin  of  Plectrophanes  maccotcni,  from  Arizona,  and 
skin  of  Louisiana  taoager,  from  California. 

Boffman,  Dr.  W.  J.,  XT.  8.  A.  Album  of  autobiographical  pictares,  by 
"Banning  Antelope,"  a  Dakota  Indian  chief. 

Boldmf  Captain.    Saake,  from  Indianola,  Tex. 

HubharA,  8.  jr.    Box  of  California  birds'  eggs. 

Bulbert,  BobertH.  Specimen  of  fish  {Ckim<era  plumbea),  from  the  La 
Have  banks. 

lUig,  H.  L.  Box  of  stone  implements,  from  Lebanon  Coaoty,  Pennsyl- 
vania. 

Irwin,  Dr.  B.  J.  2>.,  TJ.  S.  A.  Specimens  of  17 -year  locnst,  from  New 
York. 

Ives,  IVahk.    Box  of  fossils,  from  Kenyon  Connty,  Alinnesota. 

Jackson,  E.  E.  Penis  of  Lacertian  and  specimens  of  gold-fish,  from  Sonth 
Carolina. 

James,  Dr.  T.  B.    Box  of  ladian  relics,  from  Arkansas. 

Janeway,  Dr.  J.  B.,  U.  8.  A,  Three  bottles  of  fishes,  from  Saint  Augns- 
tine,  Fla. 

Jeffries,  W.  W.    Collection  of  rocks,  from  Pennsylvania. 

Jennings,  B.  0.    Eggs  of  tarautnla,  from  Arkansas.  \ 

Jewett,  ColoneL    Bottle  of  parasites  {Cymo^ida),  from  Santa  Barbara,   ' 
Cal.  ' 

Johnson,  W.  B.    Mineral,  from  Marion  Connty,  VirgiDia. 

Jones,  H.  B.    Stone  pipe  and  arrow-beads,  from  Indiana. 

Jones,  W,    Mineral  earth,  ftom  Alabama. 

Jordan,  Prof.  D.  8.    Collection  of  western  and  southern  flreah-water 
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Ealeg,  J.   W.    Indian  stone  tabe,  from  Ohio. 

Keep,  Professor,  . 

Eendrick,  IVank  F.    Specimen  of  coal,  from  Virginia. 

Sercheval,  A.  W,    Qaartz  crystals,  from  West  Virginia. 

Eerthaw,  John.    Box  of  foeslls,  from  IiTeliraska. 

Elemm,  Theodore,    Swan,  ia  flesh,  from  Manmee  Bay,  Ohio. 

Kohn,  O.    Collection  of  turtles  and  salamander  {Maneultta  A-di^tatua), 

firom  Lo  nisi  ana. 
Krefft,  Gerard,    Specimens  of  Eleotrii,   percb,  and  Pkascogale,   Arom 

Qneensland,  Anstralia. 
Kumlien,  A.  L.    Collection  of  bird^  skins,  tsom  Wisconsia ;  nest  and 

eggs  of  ^bnoMoAia  eoronata,  from  California. 
Langdon,  Frank  W.    OoUeotioD  of  birds'  skins,  from  Ohio, 
Langley,  William  E.    Crab,  from  New  South  Wales,  Anstralia. 
Lawrence,  Alfred  N.    Skeleton  of  cow-fish  [Tursiops),  from  Bockaway 

Beach,  Long  Island. 
Le  Saron  J.  F.    Box  of  shells,  bones,  pottery,  &c.,  from  Florida. 
Lettou,  Bev.  J.  K    Insect  {Lampyria),  from  Eentncky. 
Loeke,  William  M,    Boxes  of  stone  implements,  from  Ohio  and  Nev 

York. 
Loekwood,  Samuel,    Prepared  skeletons  of  bass  and  shad. 
Loomis,  W.  T.    Two  Irost-flsh  (Coregonus},irora  White  Lake,  Kew  York. 
Love,  Dr.  J,  0,    Two  marine  sheila. 
Lugger,  Otto.    Specimens  of  Umbra  pygmcBa,  Par^hippus  faber,  Gobiids, 

&C.,  and  shark  {Qinglymostoma  ctrrhatum],  from  Chesapeake  Bay. 
Lgford,  W.  H.    Portion  of  lower  jaw  of  musk-rat. 
MeAdoo,  Col.  W.  0.    Box  of  pottery,  from  Georgia. 
JUcChatTiia,  A.    Speoimens  of  mineral,  from  California. 
McGregor  {Iowa)  Artesian  Well  Company.    Bottle  of  artesian-well  water. 
MeKinieg,  Wm.    Box  of  Indian  relics  and  funeral  ani,  fh>m  Georgia. 
McLeod,  B,  R.    Black  fox  in  fleshj  f^om  Maine. 
McNeill,  Alexander.    Specimen  of  sand  impregnated  with  asphaltnm. 
McWilliama,  Jh".    Skin  of  Oarpodacus  htsmorrhous,  from  Mexico. 
Mahrenkolz,  H.  4b  A.    Tanned  skin  of  breast  of  human  being. 
Marsh,  H.  N.    Qnartz  pebble,  from  New  Jersey. 
Martin,  F.  H.    Skin  each  of  Dendroica  coronata  and  D.  lahurnitB,  from 

New  Hampshire. 
Mason,  Prof.  0.  T.    Fossil  fish,  from  California. 
Matiuie,  Fred.    Eggs  of  Urophycis  regius  and  parasites  &om  Menobranchm 

lateralis. 
Ifatteaon,  F.  S.    Skin  of  cinnamon  bear  and  skin  of  cnckoo  [Coccysus 

americanua),  &om  Oregon. 
Maxson,  O.  P.    Salmon,  from  Lake  Michigan, 
Ma-fftiard,  €.  J,    Skin  of  PasBerculuB  prineeps,  from  Massachasetts. 
Mazyek,  W.  O.    Box  of  alcoholic  speoimens  of  mollnsks,  fiom  Boath 

Carolios. 
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Meigs,  Senrg.    Two  boxes  of  uitiqaities,  fiyim  Bolivia 

Meigs,  Oenertd  M.  C,  U.  8.  A.    Kat,  ia  fleah. 

Meldrum,  George.    CqUeptk)^  of  Ipditw  r^ics,  fixuo  Obio. 

Mercer,  R.  W.    Sap]K»#d  cremated  remains  ttftax  Iiidi^Q  v^^e^ 

Merrill,  Mr.  {through  J.  Hjejufie^fon.)    Cbipped  ^rco^-pqiDt^  from  IlliDoia. 

Merrill,  Dr.  J.  0.,  U.  S^  4.    Xbi^  bo^sss  0^  bicda'  skUis,  two  bQxes  of 

general  ii^|iar4,-b^^tfj  ofiUectipm,  sltla  of  Selig  yagnarui^y  from 

Texas. 
Jj^fy^eboroMghn  J^p^    Gollectioii  of  Lower  Siilpcian  fossils^  &00),  Qtijo. 
Middleton,  E.  J.    Thirty-six  birds'  and  one  we^stil's  sl^in. 
iSf^/cr,  HotoarA.    Dried  plant,  from  PennsjUania. 
Mills,  Clark.    8ixty-foni  casU  of  heads  of  Indians,  from  Flon^A- 
Milaer,  J.  W.    Oq^  bo^  general  natpral  biatorj,  1  ^eg.  of  aleobplicsi 

5  living  tartly,  bpx  of  ^^s,  hot^  Ilayre  4^  Qfofie,  Hd-;  1  blMik 

hf^^,  bgx  of  atone  iaude^^tp^  from  Ulioqi^., 
Minnieville  Mining  Compani/,  Jfew  York.    Specimep^  of  inou  twe,- 
Moore,  W.  B,,    Fooi;  birds^  Blun^  from  Na^saf),  K.  £^  Wes(  In4)94i 
Jfort^n,  Senator  JoAa,  T.  (t^^^t^A;  Jn^ior  D^artmeT^).     Miga^  from 

^e? an4^  City,  Ala^ 
Mueller,  Br.  Rudolph.    Stone  celts,  fh>m  Obio,  and  moocasiq^)  &om 

"Oneter's  batUB:fipl4''' 
JUf^^hi/,  W.  M,    Ja^^^fif^Si^loiiotu^ua  gmanifiti^, 
NM)h,  tT.  C.    Brass  hose-nozzle,  fh)m.mQand)ia  Wo^p  Vi^i^^ 
^^^l  Must^mifH^iQfi.    ColHect^of  Me^Q4^  efluipb^gifl^^^  birds. 
Sefff.^etef^.    Cast  of  atpnpf^^ 
NeUon,il.  W.    Skin  oj^W|iI]i^<^(i^li4;,n{/w))fn>mCaltf3rnff ;  ctol^lp^OIl 

of  fishes  &om  the  I}lii)9j^,  ^^  Q^^WM  ^iyfiFf  i  c^M^ti^n.o^  ej;t!>f9: 

logiea  and  gener^^  nft^j^  J»i(9tprit»  ^m.  Sftip*  MichM'fl».  4-i«^iWft . 
J^etf^  ^    Tb^Bfi^  ip^f^  .<^Sos^%  tioxa  thQ  BJ^^  ^V^ 
fftcg^  i>>:.  C.  S.    Bp^injap^.  ia  fle^  of  peftop*?j£  ap4  Cana^a.gswgft, 
Norway,  King  of.    Two  TU^ivft  (^^liS, 

Aye,  Wiiiird,    Bo^  o^  aipqbelio  fl  sljps,  fsonv  New  Bedfi^d,  I4#§%. 
06er,  F.  A.    GoUactiqo  of  birde^  D]amniail9,ieptile8va^dfiih^fiKia^. Do- 
minica; and  box  of  gf}n|^\n»tQ^.  his^fy,  ftpm  tJ^Bs^nytSiWest 

Ogle,  Damd  0.    OoUectioo  of  rocks,  fossils,  and  Indiai^r^es,  ffqip  A{»Fy- 

land. 
(hj^^^^ff/g  Depat^txiunt,  JJ.  S.  A.,  09n.,8.  V.  Ben,&.    Large  ,oQll^ti©R  of 

general  nataral  history,  fossils,  minerals,  and  Indiao  impleDi,9iit8^from 

Oggbod,  P.  Story.    Minerals,  from  Massachnsetts. 

Outerbridge,  A.  E.,jr.    Microfleopicslidftof  gold, &ot& the BnitedStates 

Mi{^,  Fhiladfllpbta. 
^hf!i}^t.Mr^    lAwatODd  Dodal«.. 
Palmer,  Joseph,    Skeleton  each  of  horiie  and  dock. 


iMbyGOOglC 


JtWESDlS  *rO  iffifORT  OP  lilE  SECfcETABY.  lOi 

Palmer,  Witliatn.   'Ottliectitmbf  fisb^ft^m  ttreFot6inac  iCiver;  snaked, 

from  Viiginia  sod  Marylanfl. 
Pee(cr,  Henry  A.    Caterpillar,  from  New  Orleaaa. 
Fergande,  Ph.    OoHteCJou  tf  eg^,  binies,  #6638,  &c,  from  Missoari. 
Permattent  Sxkti){tHm  Company,  Philadelphia.    New  Sonth  Wales',  Yio- 

toria's,  and  Oarhegtiy's  exhibits  of  mineiala. 
Perrine,  T.  M.    Bos  of  stoiie  impldtiiietitb,  froih  ItUuois. 
Plvrumer,  Mia»  8,  A.    Can  of  moUu^Ks,  t'rtSih  Oklrfomia. 
Poice/,  Samuel.    Two  tanks,  1  bot,  and  1  keg  of  fishes,  from  Kewport, 

K.I. 
Preston,  I>.  A.    Box  of  minerals,  itota  Joplhi,  Mo. 
Queensland,  Amtralia,  Aoclimalizdtidn   Society.    Package  of  seeds   of 

Maba  faseieulosa  and  photographs  of  aborigines  of  AnStralia. 
Eamaeg,  S",  A.    Specimen  of  kaolin,  from  North  Carolina. 
Rau,  Dr.  Charles.    Indian  stone  tnbe,  from  Warreii  Ooanty,  KentQckjr. 
Savenel,  M.  W.    Bermnda  grass,  from  Aiken,  8.  C. 
Redding,  B.  B.    Fishes  and  invertebrates,  iVom  Japan ;  specimens  each 

ofawa(Ohano«  salmoneus)  and  mbIIet(Mu^IcAapfaIia),fromHonolula. 
Reeder,  H.  J.    California  salmon  {Salmo  salar),  from  the  Delaware  Biver. 
Rdd,  Dr.  J.  E.    Two  Indian  mallets  and  arrowhead,  flxim  Colorado. 
Reinsch,  Dr.  P,  F.    Box  of  microscopic  slides  of  meteoric  stones. 
Bets,  Prof.  J.  B.,   Centennial   Commissioner.    Foitngnese  arboretum, 

specimens  of  cottons  tcom  African  and  Indian  colonies,  books,  photo- 
graphs, &c. 
Republic  (the)  Iron  Coiapany,  Darid  Morgan,  President.    Specimens  of  rod 

specnlar  iron-ore. 
Reoitie,  Fdther  D.    Anal  spinas  and  interspinal  bones  of  sheep'shead. 
Reynolds,  Hon.  A.  R.,  Minister  to  Bolivia.    Box  of  copper  ores,  from  Boli- 
via. 
Richard,  J.  H.    Thirty-one  tnrtles,  1  frog,  and  12  shells,  from  Penusyl- 

vania. 
Richmond,  A.  Q.    Shiall  package  of  fragmentary  pottery,  from  ^ew 

York. 
Ridgway,  Robert,    Box  of  birds,  reptiles,  &c.,  trom  MonAt  OflrUiel,  111.; 

2  birds,  nest  and  eggs,  trom  Wasbington,  D.  0. 
Robertson,  R.  S.    Two  stone  implements  ttnd  portions  of  haman  crania, 

from  Illinois. 
Robertson,  Dr.  W.  B.    Bpecimetas  of  Campostoma,  From  Holstein  Biver, 

Virgin!*. 
RobiTison,  Neill.    Stone  celt  from  West  Virginia. 
Rosamond,  W.  B.    Box  of  stone  implements,  from  Ohio. 
Bust,  E.  if.    Box  of  monnd  pottery,  from  Illinois. 
Samuels,  8.  S.    Minerals,  from  Virginia. 
SchHeek,  J.    Bottle  of  spiders,  from  Illinois. 
Seligman,  Henry,  &  Co.    Sample  of  stable-pnrif^ng  coiap'oand. 
Sellers,  0.  E.    Box  of  pottery  and  stone  implements,  from  Iltinoia. 
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Bhaffer,  Dattd  B.    Box  of  Unfoa,  from  Little  Miami  Biver,  Ohio. 

Bkarp,  8.  Z.  Box  of  fresb-vater  ahells,  from  the  Holfitein  Biver,  Ten- 
nessee. 

Skarp,  B.  Bowlder.    "Siae  species  of  Old  World  birds. 

Shaver,  Amanda  S.    Geological  specimeDS,  &om  the  Ohio  Biver  bottom. 

Shelby,  Br.  J).    Stone  bowl,  from  Jackson  Connty,  Alabama. 

Sherman,  N.  A.    Oollection  of  bird  eggs. 

Shonu,  Mr.,  throvgh  T.  B.  Ferguaon,    Section  model  of  oyster  pangy. 

Slingerland,  A.    Stone  implement,  from  Missonri. 

Smith,  J.  P.    Arrowheads,  fh>m  Maryland. 

Small,  E.  B.    Two  grampuses,  lh>m  Highland  light,  Massachasetts. 

Smith,  Frank.    Collection  birds'  eggs. 

Smith,  W.  B.    Gall  iusects,  from  Chapel  Hill,  K.  0. 

Snyder,  8.  P.  Specimens  of  galena,  from  Wyoming  Valley,  Pennsyl- 
vania. 

Sonnanttine,  J.  F.    Supposed  Indian  implement,  from  Ohio. 

Southtcell,  J.  B.    Bone  perforator,  from  Illinois. 

Spangler,  Geo.    Box  of  fossils,  tcom  Indiana. 

Spanish  Legation,  Washington.    Collection  of  Spanish  pottery. 

Stabler,  James  P.    Snake  [Opkibolus  triangulus),  from  Maryland. 

Stearns,  R.  E.  0.    Stone  implements  and  Indian  food,  firom  California. 

Sterling,  Br.  E,    Oast  of  ovaries  of  fish,  and  dwarf  pike  (Esox  pygmteus.) 

StoJie,  Gen,  Ckas.  P.    Block  of  Egyptian  marble. 

Stone,  Livingston.  Oollection  of  salmonidfe,  from  the  Clackamas  Biver, 
Oregon;  box  of  fishes,  from  the  McCIond  Biver,  California. 

Stout,  Mrs.  Georgia.    Box  of  Indian  relics,  fi'om  Pima  Agency,  Arizona. 

Sutro,  Adolf.  Papier-mach^  models  of  the  Sutro  Tnnnel  and  Comstock 
Lode. 

Taggart,  B.  F.    Tooth  of  Equus  oceidentalis,  ftom  West  Virginia. 

Titibut,  William.    Living  snake,  from  Washington,  D.  C. 

Tanaka,  Bon.  Fusimaro.    Collection  of  Japanese  coins. 

Ta»mania,  Government  of.  Two  specimens  of  Platypus  and  three  of 
EckidncE;  three  boxes  of  seeds  of  Anstralian  plants. 

Tate,  Geo.  K.    Specimen  of  iron  pyrites,  from  North  Carolina. 

Thomas,  Milton.    Orange  infested  with  insects. 

Thomson,  J.  B.  Ghnb-sucker  {Erimyzon  oblongus),  Paratraetat  pisq^tetot, 
and  Aohirus  lineatm,  from  Massacbnsetts. 

Thomas,  Pack.    Shad  <^Alosa  sapidissima),  from  the  Ohio  Biver. 

Thompson,  J.  B.  Five  specimens  of  Salmo  guinnat,  reared  ftom  eggs 
planted  in  1874  and  1875. 

Thomburgh,  Bon.  J.  M.  Fossil  coal  plant,  trom  Anderson  Ooaoty, 
Teonessee. 

Thornton,  8.  C.    Skin  of  common  myna  (Aerido^rus  tristis). 

TUghman,  Br.  Chas.  B,    Seeds  and  shells,  from  craw  of  red-head  duck. 

Tingley,  iVo/.  Joseph.    Fossils,  from  Indiana. 

Tokio,  Japan,  Museum  of,  Bon Kubo,  in  charge.    Collection  of 

woods  and  stone  implements,  ftom  Japan. 
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Toner,  Dr.  J.  M.    Stone  pipe,  arrowheads,  and  anfinigbed  tabe,  from 

Ohio  and  Eentackyj  stone  pestle,  from  Maryland. 
Turner,  Granville.    Speoimen  of  belemite,  fiom  the  Black  Hills, 
Turner,  Lueien  M.    Eight  boxes  of  ethnologica  and  general  nataral 

history,  Saint  Michael's,  Alaska. 
XjU,  Henry  I.    Box  of  botanical  specimens,  from  New  Jersey. 
ValenHnef  6.  O.    Box  of  stone  implements,  from  Virginia. 
Tan  Bm$choieny  Prof.  J.  0,    Stone  ceremonial  implement,  firom  monnd 

in  Indiana. 
Van  lyyek,  Tf .  T.    Skin  of  Pastor,  ftom  Beirut,  Syria. 
Tv^cers,  J.  P.    Stone  implement,  &om  Illinois. 
Waahington,  D.  0. : 
Department  of  State.    See  under  the  name  of  Hon.  A.  B.  Keynolda, 

minister  to  Bolivia. 
Treasury  Dt^artment.    Box  of  building  stones,  ftota  new  custom-house, 
Chicago,  111. 
United  States  Coast  Survey  {Capt.  G.  P.Patterson,  in  charge).    Spec- 
imens of  starfish,  ftom  off  Cape  Cod,  Mass. 
War  Department : 

United  States  Army.    See  nnder  the  names  of  Col.  A.  0.  BracJcett, 

Lieut.  W.  L.  Carpenter  J  Gen.  M.  G.  Meigs,  and  lA&tt.  Willis  Wittich. 

Surgeon-  GeneraVs  Office.    See  nnder  the  names  of  Drs.  Elliott  Coues, 

B.  J.  D.  Irwin,  J.  H.  Janeicay,  and  J.  0.  Merrill. 
Survey  west  of  the  ene  hundredth  meridian  {Lieut.  Q.  M.  Wheeler,  in 
charge).    Collection  of  west-coast  fishes,  941  birds'  skins,  and  2 
bales  of  ethnologica,  from  the  West. 
Signal  Service.    See  nnder  the  names  of  Sergeants  E.  W.  Nelson  and 
L.  M.  Turner. 
Navy  Department : 

United  States  Navy,    See  nnder  the  name  of  Commander  L.  A. 

Beardalee. 
Bureau  ofNavigaiUm,  Commodore  Daniel  Ammen.    Soundings,  ^m 

the  Oorringe  bank,  by  the  United  States  steamer  Gettysburg, 
Medical  Bureau.    See  under  the  name  of  Dr.  J.  F.  Bransford, 
Interior  Department : 

General  Land  Office.    See  nnder  the  names  of  Surveyors- General  A. 

B.  Hardenburgh  and  John  Wasaon. 
Indian  Bureau,    See  under  the  name  of  Indian  Agent  Jesse   W. 

Grieat. 
United  States  Geological  Survey  of  the  Territories,  First  Division, 
(Dr,  F,  V,  Hayden,  in  charge).  Five  boxes  and  2  tanks  general 
natural  history  collections,  from  the  West;  9  models  of  cliff-houses 
and  relief  maps. 
United  States  Geological  Survey  of  the  Territories,  Second  Division 
{Prof,  J,  W.  PoKell,  in  charge).  Eleven  pieces  of  Shoshone  In- 
dian clothing,  1  box  ethnologica.  See  also  under  the  name  of 
Bev,  Stephen  Boioers. 
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Wathingtm,  D.  C.  : 

United  States  Fkh  Cemmi&tifm  (t^rtf.  €.  F.  IBaird,  Oomtriiaimer). 
Eleven  bozets,  4  tanks  tniiilM  mb\ogy,  oolleoted  nt  Wood's  Holl, 
Salem,  Moas.,  and  St  Halifax,  N.  8.  SceatoooadathefiaiiBesof 
C/uu.  O.  AfkiM,  8.  F.  Baird,  T.  H.  Bmn,  H.  €.  «Amfar,  7ifud  Jf. 
Mieardi,  Sudo^h  Enaet,  A.  L.  StmUait,  </.  W.  aklmer,  «ad  JAv- 
inggton  Stone. 
Wt^l,  JoJm  P.  Two  atme  «inkera,  from  CloridB. 
Waston,  Hon,  John  United  States  sHrveyor-general,  arinona.    Bptcikiena 

of  gold  aod  silver  oreB,  from  variovs  mioiDg  e^alma  Id  Artzona. 
Way,  D.  8.    Living  diamood  mttlesoake,  from  FlorMa. 
WeM}f  John  8.    Foesils,  from  near  Dayton,  Ohio. 
Werner,  W.  B,    Skin  of  Bolltary  sandpiper,  from  PenssjIvanJa. 
Wkitmanf  G.  P.    Marine  fern  {Pennaiula  phosphorm  var,  aouleuta),  from 

BrowD's  Bank,  SCass. 
Whittlesey,  Oharte$.    Oast  of  stone  implements,  firom  Ohio. 
Wiltelt,  Joseph  0.    Trolliaghook  nsed  for  lake-troat, at  Skaneateies,  N. 

T.;  14  bottles  of  Forida  fishes. 
Willird,  Mrs.  Celeste.    Box  of  insects,  from  Florida. 
Williams,  G.  Foster.    Shell,  Pyrula,  from  Tennessee. 
Williams,  Dr.  M.    Specimen  in  flesh  of  Mexican  flytsatcher. 
Williamson,  J.  M.    Specimens  of  fblgarite,  from  Illinois. 
Williamson',  T.    Spswu  of  black  bass. 
Wilmoi,  SamMeL    Specimen  of  i>oro80in«  A«terura,  from  Lake  Huron ; 

Btnffed  skin  of  Oatario  salmon. 
WiwAuM,  Prof.  Alex.    Collection  of  fresh-water  S^es,  ftwrn  Tenaeasee. 
Wittich,  Lieut.  Willis,  U,  8.  A.    Collection  of  ^rewa,  reptiles,  and  in- 
sects, from  Fort  Klamath,  Oreg. 
Wood,  Thomas.    Collection  of  fossils,  from  Maryland. 
Wooster,  A.  F.    Collections  of  general  nataral  history  aad  Indiaa  rolica, 

from  Connecticut. 
Yarrow,  J)r.  H.  C.    Box  of  sings,  frt>m  Washington,  D.  0.;  h(fx  of  shells 

(ffydatina),  from  SaDta  Barbara,  HaX. 
Terkes,  Isaae.    Two  oelts  and  quartz  crystal,  from  Peovsylvaaio. 
Younglove,  John  E.    Pentramites,  from  Bowling  Green,  Ky. 
Yunek,  John  A.    Sample  of  glass  wool. 
Unktwvm.    Two  boxes  alcboh(^io  birds'  skins;  oast  of  haman  fiice;  2 

grooved  celts;  pairof  moocasiBBandbelt;  8  piaoesof  rock;  specimens 

mica  and  granite ;  larvee  of  migratory  grasshopper. 
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LIST  OP  THE  MORE  IMPORTANT  EXPLORATIONS  AND  EX- 
PEOITIONa,  THE  COLLBOTIONS  OP  WHICH  HAVE  CONSTI- 
Ttl1:Et>  THE  PRINCIPAL  SOtTRCBB  OP  SUPPLY  TO  THE 
NATfOKAL  MUSEUM,  WITH  INDIOAtlOK  OF  THE  DEPART- 
MENT or  THE  GOVERNMENT  UNDER  WHICH  FROSE- 
CO^ED. 

[  Wh»M  BO  depBrtaent  la  meatiened  It  is  to  be  nodentood  thKt  the  (Kdleotioim  were 
tnkde  uuH«  eapeaioUyat  the  requMt  uid  uuder  tbe  direotion  of  the  SmithstniiaD  lu- 
stitatioD  and  to  e  greater  or  leea  dagrfte  at  ita  eipeaee.] 

Pri«r  t«  1M«. 

1.  Captain  WUkes,  XT.  8.  JT.    The  doasts  of  S&ath  Amerioa,  Westera 

North  America,  Polyaesia,  ete.    1838-1842.    UnttMl  States  Navy 
Department, 

2.  Rev.  Dr.  Gurley.    West  Africa.    1846-1857. 

3.  BtfB.  0.  W.  Deimiion.    British  Goiana.    1842-1857. 


4.  Dr.  D,  D.  Oicen.    United  Btates  Geological  Sarvey  made  in  Iowa, 

Illinois,  and  Minnesota.    18o0-1857.    United  States  Genenil  Land 
Oface. 

5.  Oapis.  X.  SUtgreava  and  J.  C.  Woodruff,  V.  8.  A.    The  snrvey  of  the 

Creek  boundary.    War  Department. 

6.  Dr.  J.  Evans.    United  States  Geological  Surrey  of  Oregon  and 

Washington  Territories.    Land  Office. 

7.  Dr.  Oharles  T.  Jackion.    United  States  Geological  Survey  of  Lake 

Superior.    Land  Office. 

8.  ltessr$.  J.  W.  Foster  and  J.  D.  Wkitaej/.    United  States  Geological 

Snrvey  of  Lake  Superior.    Land  Office. 

9.  W.  8timp8on.    The  New  England  coast 

10.  Thaddeut  Cvibertton.    Upper  Missouri. 

ISSl. 

11.  Col.  J.  D.  Oraham  and  Maj.  W.  B.  Emory,  V.  8.  A.    United  States 

and  Mexican  Boundary  Snrvey.    1851-1855.    Interior  Department, 

12.  Copt.  L.  Sitgreaves,  U.  8.  A.    Zuni  and  Oolorado  Rivers.    War  De- 

partment. 

13.  Capt.  Howard  Stansbury,  U.  8.  A.    The  Valley  of  the  Great  Salt 

Lake,  Utah.    War  Department. 

14.  lAeat.  J.  M.  Qilliai,  U.  S.  S'.    United  States  Astronomical  Expedi. 

tion  to  Chili.    1849-1852.    Navy  Department, 

15.  Liffut.  W.  L.  Hemdon,  U.  8.  S.    The  Amazon  and  its  tributaries. 

Navy  Department. 

16.  Capt.  B.  B.  Maroy  and  CapL  George  B.  MoCleUan,  TT.  8.  A.   The  Bed 

River.    War  Department. 
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17.  Dr.  a.  K.  Kane.    ITorth  Greenland. 

18.  CapU.  C.  Ringgold  and  J.  Sodgers,  U.  S.  N.   Exploration  of  the  China 

Seas,  Behring  Straits,  coast  of  Gallfomis,  etc.    1853-1856.    Kav; 
Department. 

19.  Gov.  I.J.  Stevens,    The  Pacific  Eailroacl  Snrvey  of  the  forty-seventh 

parallel.     1853-1855.    War  Department. 

20.  Lieut.  B.  9.  Williamion,  U.  8.  A.    The  Pacific  Railroad  Survey  on 

the  partial  route  in  California.    1853-1865.     War  Department. 

21.  Captains  Ounnison  and  Beokwith,  U.  S.  A,    The  Pacific  Bailroad 

Survey  on  the  thirty-eighth,  thirty-ninth,  and  forty-first  parallels. 
1853-1855.    War  Department. 

22.  Captain  Whipple,  U.  8.  A.    The  Pacific  Bailroad  Survey  on  the 

thirty-fifth  parallel.    1853-1855.    War  Department. 

23.  Lieut.  J.  G.  Parke,  XT.  8.  A.    The  Pacific  Bailroad  Survey  ou  the 

western  end  of  the  thirty-second  parallel.    1853-1855.    War  De- 
partment. 

24.  Capt  J.  Pope,  IT.  S.  A.    The  Pacific  Bailroad  Survey  on  the  eastern 

end  of  the  thirty-second  parallel.    1853-1855.    War  Department. 

25.  Lieut.  B.  8.  Williamson,  U.  8.  A.    The  Pacific  Bailroad  Sarvey  in 

Cahfomia  and  Oregon.    1853-1855.    Ww  Department. 

26.  Commodore  M.  0.  Perry,  IT.  8.  S,    Japan.    1853-1855.    State  and 

llavy  Departments. 

27.  Capi.  J.  Pope,  U.  8.  A.    Artesian  Well  Borings  in  the  Llano  Elsta- 

cado.    1853-1857.     War  Department. 

28.  Lr.  George  Sttckley,  U.  8.  A.    Washington  and  Oregon  Territories. 

1853-1856.     War  Department 

29.  J>r.  J.  G.  Cooper.    Washington  Territory,  California,  and  ITebraeka. 

1853-1856.     War  Department. 

30.  Dr.  F.  V.  Sayden.    Upper  Missouri.    18fi3-1855. 

31.  Lieut.  D.  2f.  Vouch,  U.  8.  A.    Horthem  Mexico. 

32.  Dr.  L.  Berlandier.    Northern  Mexico.    Collections  made  1826-1851 

and  purchased  by  Lieutenant  Conch. 

33.  Capt.  T.  J.  Page,  U.  8.  X.    Paraguay.    Exploration  of  the  Parana. 

1853-1855.    Wavy  Department. 

34.  B.  D.  Cutts.    The  California  coast.    United  States  Coast  Survey. 
36.  Prof.  8.  F.  Baird.    Wisconsin,  Illinois,  and  Ohio. 

1SS4. 

36.  A.  J.  Vaughan.    Upper  Missouri.    1854^-1855. 

37.  Dr.  P.  R,Eoy.    Wisconsin  and  Missonrl. 

38.  Bobert  Kennioott.    Illinois,  Minnesota,  and  Winnipeg.    1854^-1857. 

39.  Capt.  B.  B.  Marey,  XT.  8.  A.    Brazos  Biver. 

40.  Lieut.  W.  P.  Trowbridge,  XT.  8.  A.    The  Pacific  coast.    1854^-1855. 

United  States  Coast  Survey. 
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41.  Ovttavus  Wurdcmann.    Texas,  Louisiana,  and  Florida.    1864-1858. 

United  States  Ooast  Sarvey. 

42.  Bev.  A,  0.  Barry,    Wisconsin, 


43.  Prof.  8.  F.  Baird.    Coast  of  New  Jersey. 

44.  ^.  iSam«£te.    California.    1855-1856.    Boston  Societyofmtaral  His- 

tory and  ttie  Smithsonian  Institntion. 

1836. 

45.  Maj.  6.  ff.  IVwmaa,  X7.  S.  A.    Vicinity  of  Fort  Tama. 

46.  Lieutenant  Bryan,  JJ.  S.  A.    Wagon-road  survey  from  Fort  Kiley  to 

Bridger's  Pass.    1856-1857.     War  Department. 

47.  Lieut.  6.  K.  Warren,  XJ.  8.  A.    On  the  Upper  Mtssonri  and  Yellow- 

stone.    War  Department. 

ISST. 

48.  W.   M.  Magraw.    South  Pass   wagon-road.    1857-1858.    Interior 

Department. 

49.  Capt.  T.  J.  Page,  JJ.  8.  N.    La  Plata  Biver  and  tribntarles.    liTavy 

Department. 

50.  DowMQunn.    BedBiveroftlieKortliandXelsonBiTer.    Hndson's 

Bay  Territory. 

51.  John  Xante*.    Fort  Eiley,  Kana.,  and  Fort  Tejon,  Cal.    1857-1868. 

62.  Ueut.  N.  Miohler,  U.  8.  A.    Exploration  of  a  canal  route.    The  Isth- 

mns  of  Darien.    War  Department. 

63.  Col.  J.  E.  Johnston,  U.  8.  A.    Southern  boundary  of  Kansas. 

54.  J.  B.  Leech.    El  Paso  and  Fort  Yuma  wagon-road  route.    Interior 

Department. 

55.  A.  Campbell.    Northwestern  boundary  snrvey.   Western  end.  1857- 

1861.    State  Department. 

56.  lAeut.  Q.  K.  Warrm,  XT.  8.  A.    The  Platte  River  Valley.    War  De- 

partment. 

lass. 

57.  Capt.  Thos.  Blakiitm,  S.  A.    The  Saskatchewan. 

58.  Lieut.  J.  C.  Ives,  U.  8.  A.    Navigation  of  the  Colorado  Eiver.    War 

Department 
69.  Dr.  F.  V.  Hoyden  anA  Prof.  F.  B.  Meek.    Kansas. 

60.  Dr.  F.  V.  Mayien.    New  Jersey. 

19S9. 

61.  Capt.  J.  E.  8impa<m,  U.  S.  A.    Kansas,  Nebraska,  and  Utah,    War 

Department, 

62.  J*,  W.  Lander.    South  Pass  wagon-road  route.    Interior  Depart- 

ment. 
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68.  lAetit.  John  lUulUiH,  'T.  €.  A.    ff  agdO'ltead  TOotto  «b'tH  WaRh  Wallii 
to  Fort  BeatoD.    iDterior  Departtaent. 

64.  Capt.  W.  F.  BaynolSe,  U.  S.  A.    0^**  -Mft'soari  tOMi  TeHomAODie. 

War  Department. 

65.  Capt.  J.  N.  Maeomb,  V.  8.  A,   *SaD  ^aan  and  Upper  Colorado.    War 

Department. 

66.  tTbhn£mtu».    <1«pe  Sftint  Lofcttft,  Dower  0&l>fortii&,    United  States 

Coast  Survey. 

67.  John  twiner.    Fort  Crook,  California. 

68.  Robert  Kennioott.    British  North  America  into  the  Arctic  Circle, 

1859-1861. 

69.  J,  W.  ToUman.    Illinois. 

70.  Dr.  J.  B.  Bean.    Central  Florida. 

71.  Dr.  SackUijh  ^-  S.  A.    Kansas,  lifebraaka,  and  Utah, 

72.  William  Cooper.    Bahamas. 

73.  Dr.  E.  Bryant.    Bahamas. 

74.  Dr.  J.  Q.  Cooper.    Sonth  Florida. 

75.  Capt.  M.  6.  Wright,  V.  8.  A.    Tortugaa. 

76.  Capt.  D.  P.  Woodbury,  U.  S.  A.    Tortngas. 

77.  Dr.  Whitehurst.    Tortngas. 

78.  tiaint  Charles  College.    Lonislana. 

79.  Jamee  McLeannan.    Istbmas  of  Panama. 

80.  Theodore  Gill.    West  ludies  and  JTewfoundland. 

I860. 

81.  Dr.  J.  0.  Cooper.    To  Oregon  via  Fort  Benton.    War  Department 

82.  Capt  C.  P.  Stone,  U.  8.  A.    The  Galf  of  California. 

83.  Dr.  0.  8.  Oanfield.    The  coast  of  California. 

84.  B.  B.  Boas,    Mackenzie's  BiTer  district.    Fort  Simpson,  Hudson's 

Bay  Territory.    1860-1861. 

85.  George  Bamston.    North  shore  of  Lake  Superior. 

86.  J.  Mackemiie.    Moose  factory,  Hudson's  Bay.    1860-1863. 

87.  0.  Drexler.    In  James  Bay,  Hiidsou's  Bay. 

88.  Elliott  Coues.    The  coast  of  Labrador. 

89.  William*  College  Lyceum  of  Natural  Sittory.    Greenland  and  Lab- 

rador. 

90.  Dr.  W.  8timpson.    Th«  coa6t  of  Korth  CaroUuEL 

91.  Theodore  Gill.    The  coast  of  North  Carolina. 

92.  Dr.  W.  W.  AndersoA.    Cantonment  Bai^gWyh,  TS.  Mei.,  and  xm  the 

Pecos. 

93.  J.  H^  Clarb.    The  Texas  bonndary  survey.    Interior  Department. 

94.  J.  W.  Swan.    Pnget  Sound.    1860-1877. 

95.  Dr.  J.  B.  Holier,    Tortngas.  i 

96.  Charles  Wright.    Cuba.    1860-1863.  ' 

97.  J,  M.  WooAworth.    Hinnetoto.  i 

98.  Patrick  Duiffy.    New  Mexico.  | 
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9ft  TP.  A.  .Henry.    Labnultw  BoUpae  ExpedUion. 

100.  LiettL  J.  B,  Kurie,  U.&A.    Oa  the  Atlaotie  coaat  of  tbe  United 

States. 

101.  J*.  Germain.    ChUi. 

102.  P.  8.  Dodd.    Sable  Island,  Xova  Scotia. 

103.  J.  B.  Willis,    lifova  Scotia.    ' 
101.  W.  Q.  Witttm.    Nova  Scotia. 

106.  JoknTantus.   Ospe  Saint  Lacas  and  tlieOnlf of  Oalifornia.    United 
Statea  Coast  Surrey. 

106.  Sobert  Eennicott.   Hndson's  Bay  Territory :  Port  Resolotion,  Peel's 

Biver,  and  Fort  Yukon. 

107.  iMiprmce  Clark,  jr.    Hadson's  Bay  Territory:  Fort  Bae  and  Great 

Slave  Lake. 

lA6ft. 

108.  John  Xantut.    Western  Mexico  in  tbe  viQinity  of  Qolinia  .and  Man- 

zanillo.    1862-1863,    8t»tf  PeitattRi^Ptr. 

IMS. 

109.  Senry  ConnoUg.     Hndson's  Bay  Territory:    Bigollet>  'Itifytadot. 

186»-18«6. 

110.  Mon.  0.  B.  UiotU,  United  States  minister^    Qwtft'BlWN 

111.  J.  Oarmiifl.    Ceat^BiftA, 

112.  Dr.  Charia  Sartorius.    IM#)n  il«Xie9« 
11^  Pro/.  F.  ^vip&nuf.    Oinw^a,.  HfXMCo.. 

114.  CapL  John.  if.  How.    WM(rOfM«t,of  Oe0tf*l  AimHca, 
115. .  ^^^^  0,  ^.  Buckaltw,  Umi«4.  S(#lt*  nmifter,    EMfvAoh 

116.  I>r.  Elliott  Coveg,  JJ.  8.  A.    Arizona. 

117.  J>r.  R.  Hit2.    Upper  MiaspwrV 

lis.  Capt  John  Feiliier,  XT.  fl.  A.    Uppw  MissMua. 

119.  Col.  A.  J.  Orayton.     Vicinity  of  Maeatian,  inolsdiBg  the  Trw 

Marias  and  the  Bevillagigedo  Islasdsr 

120.  Dr.  Arthur Sehott.    YncataDjUudeE.tWiMspieesof  tfaa^vemmeat 

of'the  province. 

121.  Bon.  D.  K.  Cartter.    Bolivia. 

122.  W.  T.  March.    Jamaica. 

123.  y.  R.  Bitht^.    Cuba. 

124.  lAeutmant  FUssgerald,  Br^ithAm^,    New- Providwiee,  Bahamas. 


125.  Gov.  William  McTavish.    Vicinity  ofFort  Garry. 

126.  Sobert  Kennicott.    Alaska  and  BritiA  Golnmbia. 
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127.  Dr.  H.  Berendt.    British  Hondaras  and  the  interior  of  Ooatemala. 

128.  Boberi  ^eifi.    Saint  Thomas  and  Porto  Bioo. 
120.  Oeorge  Latimer.    Porto  Bico. 

130.  Eev.  S.  B.  Trigtram.    Palestine. 


131.  G.  P.  C^udet.    Hodson's  Bay  Teiritoiy :  Fort  Good  Hope. 

132.  WW,iam  L.  Hardetiy.    Hudson's  Bay  Territory:  Fort  Simpson. 

133.  Strachan  Jonet.    Hudson's  Bay  l%rritory :  Yioioity  of  Fort  Bae. 

134.  Jamea  Loekhart.    Hndson's  Bay  Territory :  Fort  Besolotion,  Fort 
'  Yukon. 

135.  John  Eeid.    Hndson's  Bay  Territory :  Big  Island,  Great  Slave 

Lake. 

136.  James  Sibbiston.    Hudson's  Bay  Territory :  Fort  Yukon. 

137.  Donald  6unn.  West  of  Late  Winnipeg. 

13S.  George  A.  Smith.    Hndson's  Bay  Territory  and  Labrador. 
130.  Robert  MaaFarlane.  Hndson's  Bay  Territory :  Vicinity  of  Fort  An- 
derson, Arctic  Coast.     1860-1868. 

140.  William  Brosa.    Hndson's  Bay  Territory;  PortH^bett 

141.  TKomaa  Flett.    Hudson's  Bay  Territory :  La  Pierrtfs  House. 

142.  0.  L.  Bulkley.    Bnssian  America.    Western  Union  Telegraph  Com- 

pany. 

143.  William  E.  Dall.     Shores  of  Behring  Stnuts.     Western  Union 

Telegraph  Company, 

144.  Ferdinand  Bitchaff.    £odiak,  Bitka,  and  other  portions  of  Alaska. 

Western  Union  Telegraph  Company, 

145.  H.  M.  Bannister.     Vicinity  of  Saint  Michael's,  Norton  Sonnd. 

Western  Union  Telegraph  Company. 

146.  Dr.  J.  T.  Ro^rock,    British  Columbia.    Western  Union  Telegraph 

Company. 

147.  Dr.  0.  A.  Canfield.    Monterey,  Cal. 

148.  J)r.  Edward  Palmer.     Arizona, 

149.  Dr.  Wemick.    Colorado, 

150.  Dr.  H.  B.  Butcher.    Laredo,  Bio  Grande. 

151.  A.  E.  Tounglove.    Hayti. 

152.  Dr.  Henry  Bryant.    Port»  Eico  and  the  Bahamas. 

153.  Henry  Hague,    Qnatemala. 

154.  Dr.  Earl  Flint.    Nicaragua.    1866-1877, 

155.  Dr.  A.  Von  Frantzius  and  J.  0.  Zeledon.    Costa  Bica. 

156.  J.  and  T.  Rhodes.    Panama. 

157.  Yaldimir  Knudsen.    Sandwich  Islands. 

158.  William  H.  Eudatm.    Boenos  Ayres.    186ft-186S. 

IMT. 

159.  Hon.  A.  A.  BurtoH.    Colnmbla. 

160.  Ferdinand  Bisehoff.    Vicinity  of  Mazatlan. 
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161.  Bernard  B.  Boss.    Hadsoa's  Bay  Territory :  Moose  Factory. 

162.  Pro/.  F.  F.  Haydm.     Geological  Barvey  of  Kebraska.    United 

States  G^eneral  Land  Office. 

163.  Dr.  Thomas  T.  Miner.    Winnebago  Kesorvation. 

164.  Clarence  King.  Along  tbe  line  of  the  fortieth  parallel.    War  De- 

partment. 
169.  Dr.  M.  AUm.    Bermnda. 

166.  Ool.  A.  J,  Grayson.    Bevillagigedo  Islands. 

167.  J>r,  Tan  Patten.    Guatemala. 

168.  Mr.  ffardemann.    San  Salvador. 

X86S. 

169.  Prof.  James  Orion.    Ecaador. 

170.  Mr,  MeDougal.   Hudson's  Bay  Territory,  Mackenzie's  Biver  district. 

171.  Oeorge  Davidson.    Alaska.    United  States  Coast  Survey. 

172.  Dr.  F.  V.  Hayden.   Black  Hills,  Laramie  Plains,  &c.   General  Land 

Office. 

173.  J.  H.  Devereavx.    Tennesee  and  Ohio.    Ethnology. 

174.  Dr.  Edward  Palmer.    Indian  Territory. 


175.  Capt.  C.  M.  Scatnmon.   Ooast  of  OregoD  and  Alaska.    United  States 

Gevenne  Bareaa,  Treasury  Department. 

176.  Dr.  F.  V.  Raydm.    Colorado  and  New  Mexico.    Interioi;  Depart- 

ment. 

177.  Lieut.  F.  M.  Ring.    In  tiie  vicinity  of  Fort  Wrangel,  Alaska. 

Ethnology, 

178.  P.  Figyelmezy.    British  Guiana.    State  Department. 

1§Y0. 

179.  Prof.  8.  F.  Baird.   In  Marine  Zoology,  in  Vineyard  Sooad.    1870- 

1876.    United  States  Fish  Commission. 

180.  Dr.  F.  V.  Mayden.    Bocky  Mountains.    Interior  Department. 

isri. 

181.  Prof.  J.  W.  Powell.    Colorado.    Interior  Department. 

182.  Dr.  F.  y.  ffayden.    Montana  and  headwaters  of  the  Yellowstone. 

Interior  Department. 

183.  Oeo.  A.  Bo<a'dman.    Florida  and  Kew  Brunswick. 

184.  Dr.  H.  0.  Yarrow,  U.  8.  A.    Vicinity  of  Fort  Macon,  Worth  Caro- 

lina. 

185.  Capt.  Okas.  Bryant.    Prihylov  Islands,  Behring  Sea. 

186.  Straohan  Jones.   Hudson's  Bay  Territory,  Lower  Slave  Lake  Region, 

1879. 

187.  Prof.  S.  F.  Baird.    Marine  Zoology  in  the  Bay  of  Fundy.    United 

States  Fish  Commission, 
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18S.  Dr.  A.  &  Baokiv^jfi.  Gaorge'a  Bwkp,  &ic.  Ufiitad  St4t«8  Co^at 
Survey  aod  Uojt^  StMen  S^Ub  Gommiwioo,. 

189.  2e»ry  W.  Elhott.  Saint  Panl  of  tbe.  Pril^fliov  or  For  Qe»l  Tslands 
of  BehrlDg  Sta.    Treasor;  Departqienti. 

19a  WilUam  E.  I}alL  Alw^  and  the  Aleatlft&  Islands^  1S72-1&T^ 
United  3tat«s  Coast  Sarvey,  Treasury  Departmeot. 

191.  Pro/.  F.  Y.  Hayden.  Basin  of  tlie  Upper  Yellowatone  and  Tarions 
re^oQs  of  tbe  Bqefcy  Monntains.    Interio):  Departmeqt. 

1^.  Lieut.  Geo.  Jlf .  Wheels,  U.  S.  A,  Soatbani  Utah  a&d  Eastern 
liTevada.    War  Department... 

193.  Pro/.  J.  W.  Powell.  Colorado  Stiver.  1872-1875.  Interior  Depart- 
ment. 

191.  F.  8arg.    Oaatemala. 

195.  Prof.  William  3L  Qdbb.    San  Doming 

196.  0.  Brown  Qoo4&.    Bermuda. 

18*8. 

197.  CapU  C.  F,  IlaU.aH4Dr.  IMl  Sm^    1d  the.  4j:otic  Seat,  on  the 

Polaris.    "Savj  DBpa^nwat* 

198.  Senry  W.  FUioU.    Saint  George's  Island  of  the  Pribylov  Group. 

Treasury  Department. 

199.  Commodore-  Q.  3.  BeHcnap,  TJitUeA  8tate»  8tBam*r  TH9«arwa.    'Soit'ii 

Pacific  Ocean.    Kavy-  Defortmeat. 
200i  ArchHuld   CanvpMl-  and'  JM   StUott  Oouett     Along   the  north 
western  boundary  survey,  in  Dakota.    State  Departm«nt. 

201.  Gen.  Da^id  S.  Stanietf  and  J.  A.  Ailen.    Alsvg  the  Ihia  of  tbe  North- 

ern Pacific  Bailroad.    War  Department. 

202.  Pro/.F.  F;^4ty(bn.    OokvadoaDd-Keir  Mexico.    Interioi^  Depart. 

ment. 

203.  Lieut  Geo.  M.  Wheeler.    The  region  vest  of  the  100th  meridian. 

War  Department. 

204.  Capt.  Charles  Bendire,  U.  8:  A.    Arizona. 

205.  Livingston  Stone.    Upper  Sacramento  Biver.    United  States  Fish 

Commission. 
20S.  James  W.  MUner.    The  Great  Lakes  and  the  Upper  Mississippi- 
United  States  Fish  Cominission. 

207.  Pro/.  8.  F.  Baird.  Vicinity  of  Portland,  Me.    United,  States  Fish 

Cum  mission. 

208.  Yinal.  N.  Edw^rdi.     Vicinity  of  Wood's  Hole,  Massachusetts. 

United  States  Fish  Commission. 

209.  Samuel  Powel.    In  I^arraganset  B^y. 

210.  Pro/.  William  M.  Gabb.    Costa  Rjca.    Qoverument  of  Costa  Eica. 

211.  Pro/.  F.  Poey.    Cuba. 

IBM. 

212..  liwut.  QetKM..  Whesler.  l^ehvaeba,  Utah,  Colorado,  New  SAeztcOt 
and  Arizona.    War  Department. 
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213.  Trof.  F.  T.  Sayden.  West  of  the  one  bnndred  and  seventli  merid- 
ian, in  Colorado.     Interior  Department. 

214  Pro/.  J".  W.  Powell.    Utab.    1874-1877.    Interior  Department. 

215.  Prof.  8.  F.  Baird.  Sonth  coast  of  Connecticut.  United  States 
FiBb  Commission. 

21G.  Capt.  Nicholas  Fike.    The  Mauritius.    State  Department. 

217.  A..  B.  Steinherger.    The  Samoan  Islands.    State  Department. 

218.  Lttciea  M.  Titmer.     Vicinity  of  Saint  Michael's,  Norton  Sound. 

1874-1877.    United  States  Signal  Service,  War  Department. 
210.  Prof.  B.  E.  WebaUr.    The  coast  of  Virginia. 

1875. 

220.  Prof.  8.  F.  Baird.    Vineyard  Sound  and  Bazzard's  Bay.    United 

States  Fish  Commission. 

221.  AlasJca  Commercial  Company.    The  coast  and  islands  of  Alaslta. 
223.  Paul  Schumacher.    Oregon  and  the  mainland  and  islands  adjacent 

to  Santa  Barbara.    (Ethnology.)     1875-1876.    Peabody  Mnseum^ 
Cambridge,  and  Indian  Burean,  Interior  Department. 

223.  Eev.  Stephen  Boicera.    The  sonth  coast  of  California,     (Ethnology.) 

1875-1877.    Indian  Bureau,  Interior  Department. 

224.  J.  0.  Sman.    British  Columbia :  Vancouver's  Islaad,  &c,    Indiao 

Bareaa,  Interior  Department. 

225.  St^hen  Powers.    Nevada  and  California.     (Ethnology.}    Indian 

Bureau,  Interior  Department. 

226.  Dr.  J.  S.  Kidder,  U.  8.  If.    Transit  of  Venns  Expedition :  Eergue- 

len  Island  and  other  points.    Navy  Department. 

227.  Dr.  E.  Kershner,  U.  8.  If.    South  Pacific,  in  tffe  United  States 

steamer  Swatara.    Navy  Department 

228.  Edwin  Smith.    Chatham  Islands.    United  States  Coast  Sorvey  and 

Navy  Department. 
321).  Prof.  F.   V.  Eayden.    Colorado,  Northern  New  Mexico,  and  East- 
ern Utah.    Interior  Department. 

230.  Lieut.  Qeo.M.  Wheeler.    Colorado  and  Arizona,.    War  Department. 

231.  J>r.  Edward  Palmer.     Arizona  and  California.     Indian  Bnrean, 

Interior  Department 

1ST6. 

232.  W.  A.  Mintzer.    Arctic  America,  north  of  Hudson's  Strait    Kavy 

Department.      ' 

233.  Dr.  W.  W.  Hays.    San  Luis  Obispo.    (Ethnology.) 

234.  Dr.  J.  F.  Bransford.   Nicaragua.    1876-1877.    (Ethnology.)    Navy 

Department  and  Peabody  Musenm,  Cambridge. 

235.  Capt.  J.  O.  Baker.    Islands  sonth  of  California.    Treasury  Depart- 

ment. 

236.  Prof.  F.V.Hayden.  -Western  Colorado  and  Eastern  Utah.    lQt«rior 

Department 
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ISVT. 

237.  Prof.  F.  V.  Hayden.    Wyoming,  Idaho,  and  Northern  Dtah.    In- 
terior Department. 
.238.  E.  W.N'eUon.    Korton  Sonnd,  Alaska.   United  States  Signal  Office 
and  Smithsonian  Institution, 

239.  Prof.  2).  S.  Jordan.    Fresh  waters  of  Soatheru  States. 

240.  Br.  J.  F.  Bransford,  U.  8.  S".    iNioaragaa  and  Costa  Bica.     Medical 

Bnrean,  Navy  Department. 

241.  Rev.  Stephen  Bowers.    Islands  and  mainland  adjacent  to  Santa 

Barbara,  Gal.     Maj.  J.  W.  Powell,  Interior  Department  and 
Smithsonian  Institntion. 

242.  Clarlc  Mills.    Indians  in  Florida.    Peabody  Maseam,  Cambridge, 

and  Smithsonian  Institntion. 

243.  F.  A.  Ober.    West  India  Islands:  Dominica,  Antigna,  Barbadoes, 

&c. 

244.  8.F.Baird.  OoastofMa88achQsett8offSalem,andofEasteniNoTa 

Scotia.    United  States  Fish  Commission. 

245.  Livin^aton  Stone.    Clackamas  Birer,  Oregon.    United  States  Fish 


246.  Capt.  J.  J.  Fuller.    Kerguelen  Island. 

247.  Maj,  A,  S.  Gaines  and  K.  M.  Cunningham.    Shell  monnds  near 

Mobile,  Ala. 

248.  Q.  B.  Qoode.    Bermuda  and  sorronnding  waters.    Wesleyan  Uni- 

versity, MjddletowD,  CouQ.,  and  Smithsonian  Institntion. 

OLABSIFIOATION  OF    THE    ABOVE    MENTIONED  EXPLOBATIONB    UNSEB 
Tite  DEFABIUBNT  BT  WniCH  COITDUCTED. 

Smithsonian  Institntion :  carried  on  directly  by  or  under  the  saperTi- 
sion  of  the  Institution,  and  for  the  most  part  wholly  or  partially  at  its 
expense :  87,  88, 90,  91,  94, 95,  96,  97,  98, 99, 102, 105, 106, 110,  111,  112, 
113, 116, 117, 118, 119, 122, 123, 127, 128, 129, 137, 138,  139, 140, 141, 147, 
148, 150, 151, 153, 154, 155, 158,  IGO,  163, 165, 166, 167, 173, 174, 177, 185, 
19S,  219,  233,  239,  243,  246. 

Smithsonian  Institntion  ;  less  directly  ander  the  charge  of  the  Insti- 
tution, and  not  at  its  expense,  but  the  results  (:ommnnicated  to  it ;  82, 
83,  92, 100,  101, 103, 104, 114,  115,  121,  124, 128, 129, 130, 149, 152,  166, 
157, 159, 168, 178,  183, 184,  194, 19S,  204,  209,  211,  247. 

Smithsonian  Institution,  n'ith  the  especial  aid  of  the  Hudson's  Bay 
Company :  84,  85,  86, 107, 109, 125, 131, 132, 133, 134, 135, 136, 161, 170, 
186. 

Smithsonian  Institntion  and  United  States  Coast  Surrey :  105, 171, 
188, 190,  228. 

Smithsonian  Institution  and  Western  Union  Telegraph  Company: 
126, 142, 143, 144, 146, 146. 

Smithsonian  Institution  and  Kentncky  University :  119. 
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Smithsonian  iDstitatioD  and  Boston  Kataral  History  Society :  44, 113. 

SmithBonian  InatitatioD  and  Feabody  Mnseam :  222,  234,  242. 

Smithsonian  Institution  andWesleyanUnivereityfMiddlctowniConn : 
248. 

Smithsonian  Institution  and  Williams  College,  "Williamatown,.  Mass.: 
89, 169. 

Smithsonian  Institation  and  Costa  Bican  Government :  210. 

Smithsonian  Institation  and  Government  of  Yacntan :  120. 

Smithsonian  Institntion  and  9tate  Department:  108. 

State  Department:  200,216,217. 

Navy  Department :  197, 199,  226,  227,  228,  232,  234,  240, 

Treasury  Department ;  175, 189, 198,  236. 

Interior  Department:  93, 176,  180,  182,  191,  193,  202,  213,  214,  229^ 
236,  237. 

Interior  Department,  Land  Office :  162, 172. 

Interior  Department,  U.  S.  Geological  and  Geographical  Sarvey  of  the 
Territories,  Second  Division,  J.  W.  Powell  in  charge ;  241. 

Interior  Department,  Indian  Bureau :  222,  223,  224,  225,  231. 

War  Department :  81, 181,  201. 

War  Department,  Engineer  Bureau  :  164,  192,  203,  312,  230. 

War  Department,  Signnl  Office :  218,  238. 

United  States  Pish  Commission :  179, 187, 188, 205,  20C,  207,  208,  215, 
220,  244,  245. 

Alaska  Commercial  Company :  221. 


ALPHABETICAL  INDEX  TO  NAMES  OF  INDIVIDTJALS  MEN- 
TIONED IN  THE  PRECEDING  LIST. 


Alaska  Commercial  Company.. 

Allen,  J.  A 

Allen,  M 

ADderson,  W.  W 


Baird,  S.F.35, 43, 179, 1W,207,315, 920,2 

Baker,  J.  G 2: 

Baooister,  H.  M. . 1' 

Bamaton,  Geo.... .  I 

Barry,  A.  C 

Bean,  J.  B '. 

Beckmth,  Capt '■ 

BelkDap,  G.E 1! 

Bendire,  C 2l 

Berendt,  H 1! 

Berlondier,  L 

BeaaelB,E 1! 

BUohoff,  F 144,1* 


BoardmaD,G.A 183  . 

BowBt8,8 223,241  ' 

Brausford,J.  F 234,240 

BtoeSjW ■-....  140 

Bryan,  J.  T 46 

Bryant,  C 185 

Bryant,  H 73,152 

Bnckakw,  C.  R 115 

Bnckler,  C.  L 148 

BartoD,  A.  A 159 

Bntoher,  H.B 150 

0. 

Campbell.A 55,200 

Canfield,  C.A 147 

Canfleld,C.S 83 

Camiol,  J Ill 

Cartter,D.  K ISl 

Clark,  J.  H 9S 

■ClarkB,  L 107 
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CoirentHix 

Coniiolly,H 109 

Cooper,  J.  O 29,74,81 

Cooper,  Williftm 79 

Conch,  D.  M 31 

CoaeB,£ 88,116,200 

Colbertoon,  T 10 

CauniDgbam,  E.  M 247 

Catta,R.  D 34 

D. 

Doll,  W.  H 143,190 

DaTidsoD,  G 171 

DeateoD,  Chas 3 

Bevereaai,  J.  H 173 

Doda,P.  8 102 

Dow,J.M 114 

Drezler,  C 87 

Daffy,  P 98 

E. 

EdwiirdB,V.N 208 

Elliott,  H.W 189, 19H 

Emory,  W.H 11 

Evana,  J 6 

F. 

Feilner,  J 67,118 

Figyelmezy,  P 178 

FitzfeiaJd,  Llent 124 

Flett,  T 141 

Flint,  E 154 

Foster,  J.  W 8 

Frantzioti,  A.  Von 155 

Fuller,  J.  J 246 

G. 

G»bb,  Wm.  M 196,210 

Gaines,  A.8 247 

Gandet,  C.P.-. 131 

Oentituo,F Ill 

GiU,T 80,91 

Gilliss,  J.M 14 

Goode,G.B 196,348 

Grobam,  J.  D 11 

GraysoD,  A.  J 119,166 

GnuQ,  D 50,137 

Onnmson,  Capt 21 

Gnriey,  Rev,  Dr 2 

H. 

Hagne,  H 153 

Hall,  C.  F 197 

Hardemann 168 

Hordeaty,  W.  L 133 


Hayden,  F.  V.. 30,59,60, 163,173,1: 
183,191,202,213,329,2 

HayB,W,  W 

Henry,  W.  A 

Hemdon,  W.  L 

Hitz,  R 

Holder.J.B 

Hoy.P.R 

Hndaon,W.  H 

I. 


Jackson,  C.  T 7 

Johnston,  J.  E 53 

Jones,  8 133,180 

Jordan,  D.  fi 239 

K. 

Kane,E.K 17 

KenDicott,R 38,68,126 

Eershner,  Dr 337 

Eidder,  J.  H 2-26 

King,C 164 

Knadsen,  V 157 

Enrtz,  J.  D 100 

I,. 

Lander,  F.W C2 

Latimer,  Geo 129 

Leech,  J.  B 54 

Lockhart.J 134 

U. 

M'Clellan,  Geo.  B 16 

MacDongal 170 

MaoFarlane,  E 133 

M'Eennie,  J 86 

U'Leannan,  James 79 

Mftoomb,  J.  N 65 

HactaTisb,  W 125 

MagraiT,  W.  M 48 

Marcy,R.B 16,39 

Marsh,  W.  T 132 

Michler,  N 53 

Mills,  C 212 

Milner,  J.  W 206 

Miner,  T.  T 163 

Mlntzer,W.A 233 

Mnllan,  J 63 

K. 

NelBou.E.W 238 
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a 

Ober,  F.A 243 

Orton,  J 169 

Onen,  D.  D 4 

P. 

Packard,  A.  8 J88 

Page,  T.J ■  33,40 

Palmer,  E 149,174,231 

Parke,  J.  0 23 

PefTy,M.  C 86 

Pike,  N 210 

Poey.F 211 

Pope,  J 24,27 

Powell,  8 209 

Powell,  J.  W 181,193 

Powers,  S 925 

E. 

EaynoWa,  W.  F 64 

Eeid,J 135 

Hbodei,J.  T 156 

RiDg,  F.M 177 

Ringgold,  C 18 

Eiotee,C.E 110 

RMlgera,  Jobn 18 

RoBB,B.E 64.161 

Rothrock,  J.T 146 

3. 

St  Cburles  College 78 

SMnnels,  E 44 

Sa^,  F 194 

Sart«riaB,C 112 

8cMDmon,  C.  U 175 

Schott,  A 120 

Sohnmaoher,  P 229 

8ibbMtoD,J 136 

8)inpsoii,  J.  H 61 

8ttgTeaTee,  L 5,13 

Smitb,  E 228 

Smith,  Q.  A 138 

Stanley,  D.  8 901 

Slanibnry,  H 13 

Steinbeiger,  A.  B 2IT 

BtaTWB,  I.  1 19 


CtattatSo. 

8tim|i80D,  W 9,00 

Stone,  C.P 82 

Stone,  L 2^,245 

Snckley,  Geo 28.71 

Snmiobiast,  F 113 

Swan,  J.  G 94,224 

Swift,  R 128 

T. 

Tbomae,  G.  H 45 

Tolraan,  J.  W CD 

Tristram,  H.  B 130 

Trowbridge,  W.  P 40 

Turner,  L.M 213 

V. 

Van  Patten,  Dr 167 

VaDghan,  A.  J 36 

W. 

Warren.Q.  K 47.66 

Webster.  H.  E 210 

Wernick,I>r 140 

Wbeeler,  G.  H 192,203,212,230 

Whipple,  Capt 23 

Whitehnrat 77 

Whitney,  J.  D 8 

Wilkes,  Cbaa 1 

Williami  College 80 

WiUiamson,  R.  L 20,25 

Willis,  J.  R 103 

Winton,  W.  G 104 

Woodbury,  D.  P 76 

Woodraff,  J.  C 5 

Woodwortb,  J.  U 97 

Wright,  C 96 

Wright,  H.  G 75 

WardemMin,0 41 

X. 

Xantns,  J 51,06,108 

Y. 

Yairow,  H.  C 184 

TonngloTe,  A.  E 151 

Z. 

ZeledOD,  J 155 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE. 


The  Execntive  Committee  of  tbe  Board  of  Hegenta  of  the  Smithsonian 
Institation  respectfally  submit  the  following  report  in  relation  to  the 
fandB  of  the  Institution,  the  appropriations  by  Congress  for  the  sapport 
of  the  National  Masenm,  tbe  receipts  and  expenditures  for  both  the 
Institution  and  the  Museum  for  the  year  1877,  and  the  estimates  for  the 
year  1878. 

iStatement  of  the  condition  of  the  funds  at  tke  b^nnit^  of  the  year  1878. 

The  amount  originally  received  as  tbe  bequest  of  James 
SmithsoD,  of  England,  deposited  in  the  Treasury  of  the 
United  States,  in  accordance  with  the  act  of  Congress  of 
August  10,1846 $516,169  00 

Ilesiduary  legacy  of  Smithson,  received  in  1865,  deposited 
in  the  Treasury  of  the  United  States,  iu  accordance  with 
the  act  of  Congress  of  February  8, 1867 26,210  63 

Total  bequest  of  Smithson $541,379  63 

Amount  deposited  in  the  Treasury  of  tbe  United  States  as 
authorized  by  act  of  Congress,  February  8, 1867,  derived 
from  savings  of  income  and  Increase  in  value  of  invest- 
ments      108,620  37 

Amount  of  the  bequest  of  James  Hamilton,  of  Carlisle,  Pa., 
February  24,1874 1,000  00 

Total  permanent  Smithson  fund  in  tbe  United  States 
Treasury,  bearing  interest  at  6  per  cent.,  payable 

semi-annually  in  gold , . . .  $651, 000  00 

In  addition  to  the  above,  there  remains  of  the  extra  fund, 
from  savings,  &c.,  iu  Virgi:iia  bonds  and  certificates,  viz : 

Consolidated  bonds $68,700  00 

Deferred  certificates 29, 375  07 

Fractional  certificate ,  50  13 

Total 88,126  20 

Valued  January,  1878,  at... 34,662  00 

Also,  the  cash  balance  deposited  in  tbe  United  States 

Treasury,  at  the  beginning  of  the  year  1878 25, 083  90 

Total  Smithson  funds,  January  6, 1878 $710, 645  90 

lie 
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BECEIPTB  IN  1877. 

iDterest  OD  $C50,000,  for  the  year  1877,  at  6  per  cent.,  gold . .     $39, 000  00 

Preminm  od  gold  interest : 

Juoe  30, 1877,  ^  5j*y 11,035  94 

January  0, 1878,  ®  2j| 524  06 

1,660  00 

Less brober'd commission 48  74 

1,511  26 

Interest  en  Virginia  bonds : 

Sale  of  coupons  by  Biggs  &  Co.,  for  Jauaary  1  and 
Jaly  1, 1877,  for  $3,522,  November  26, 1877,  ^  82- 

82J 2,885  76 

Interest  on  Hamilton  fnnd  of  $1,000: 

For  the  year  1877 $60  00 

Premium  on  gold,  less  brokerage 2  32 

62  32 

Repayment  by  National  Museam ; 

For  advances  made  by  Smithsonian  Institntion  iu 

18?5-'76,  for  International  Exhibition,  &c 5,548  28 

Total  receipts  for  the  year  1877 $49, 007  62 

EXPKKDITUBE3  IN  1877. 

Building,  furniture  and  fixtnres $4,030  66 

General  expenses 16, 053  64 

Publications,  researches  and  explorations 12, 946  81 

International  literary  and  scientific  exchanges-    9, 790  73 

Gallery  of  art 1,710  83 

Hational  Mnsenm 421  23 

44,952  90 

Balance  unexpended  of  the  income  for  1877 4, 054  72 

Balance  at  the  beginning  of  the  year  1877. 21, 029  18 

Cash  balance,  January  6, 1878 $25,083  90 
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HAMtLTOIT  BEQUEST. 

Seceived  from  James  Hamilton,  Febiuary  21, 1874,  and 
deposited  in  the  CTnited  States  Treasary $1,000  00 

Interest  received  from  February  24, 1874  to  Deo«mber  31, 

1876 183  85 

Interest  receired  from  January  1  to  June 
30,1877 $30  00 

Preminm,  6^ 1  69 

31  59 

Less  commission 04 

$31  55 

Interest  received  fcora  Jnly  1  to  Decem- 
ber 31, 1877 30  00 

Premium,  2}J 81 

30  81 
Less  commission 04 

30  77 

62  32 

Total  income  received  to  December  31, 1877 246  17 

Appropriated  in  1876,  for  exploration  of  care  near  Oar- 
lisle,  Pa 150  00 

Balance  on  hand  Jannary  1, 1878 96  17 

Statement  of  expenditures  in  1877,  in  detail. 

BUILDINO. 

Bepairs  and  improvements $2,32S  46 

Fire-proofing  apartments  for  collections 1, 343  34 

Furnitoreand  fixtares , 361  86 

—      $4,030  06 

OENEBAL  EXPENSES. 

Meetings  of  the  board $197  50 

Lighting 238  09 

Heating 1,029  10 

Postage 162  31 

Stationery 286  16 

Incidentals,  ice,  inaarance,  &o 560  60 

Salaries 11,780  00 

Xjabor  and  extra  clerk  hire 1,382  11 

Books  and  periodicals 416  77 

$16,052  64 
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FUBLIOATIOHS,  BESEASCHES. 

Smithsonian  Gontribntiona $6, 412  46 

MiscellaDeous  collectiona 2, 205  81 

Annual  report 994  09 

Meteorology  and  researches 985  43 

ApparatoH 1,406  14 

Laboratory 63  38 

Explorations 879  50 

12,946  81 

Literary  and  scientific  iuternational  exchanges 9,700  73 

Gallery  of  art 1,710  83 

MoBenm 421  23 

Total «44, 952  90 

BEPATMENTS. 

The  iDstitation,  as  heretofore,  has  made  temporary  advances  dating 
the  year  for  the  payment  of  freight  on  government  collections,  &c.,  the 
repayment  of  which,  together  with  the  amoant  received  firom  sales  ot 
pablications  of  the  InstitatioD,  have  been  dedncted  tcom  the  several 
items  of  expenditure  for  the  year,  as  follows,  viz : 

Prom  exchanges,  repayments  for  freight $439  65 

From  postage,  repayments 7  42 

From  publications,  sales 484  30 

From  Kational  Mnsenm,  repayments 427  34 

From  electrotypes  of  wood-cnts 87  50 

Total $1,446  21 

ESIDTAIES. 

The  following  are  the  estimates  of  receipts  and  appropriations  for  the 
year  1878 : 

Ustimated  receipts. 

Interest  on  the  permanent  fund  receivable  July  1, 1878,  and 

Jannary  1, 1879,ingoH $39,000  00 

Iiiterest  on  the  Hamilton  fUnd  for  the  year  1878,  in  gold..  60  00 

Probable  premium  on  gold,  2  per  cent 781  20 

Sale  of  Virginia  coupons  due  Janaary  1, 1878,  and  Jaly  1, 

1878,.... 2,5C0  00 

$42,341  20 
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Provisional  apprcpriationa. 

Forbnilding $2,000  OO 

For  general  expenses 15,000  00 

For  pablications  and  researches    * 15,000  00 

For  exchanges 9, 000  00 

For  books  and  apparatus 1,000  00 

FoF  contiogencies 3il  20 


$42, 341  20 
HAIIONAL  MUSEUM. 

The  government  collections  of  specimens  of  natural  bistoty,  ethnology 
geology,  &o.,  continae  In  charge  of  the  Smithsonian  lustitation,  and 
Oongress  has  made  the  necessary  appropriations  for  their  care  and 
preaervatioD,  and  for  defraying  the  expense  of  packing,  moving,  and 
storing  the  articles  received  at  the  close  of  the  International  Exhibition 
in  Philadelphia.  The  advances  made  by  the  Institatioa  in  previous 
years  for  the  constrnction  of  a  laboratory  of  natural  history,  required 
for  the  preparation  of  new  specimens  for  the  Centennial,  have  also  been 
refunded. 

The  following  is  a  statement  of  the  Ifational  Ma'seam  appropriations 
for  1877  and  1878,  and  the  balances  at  the  beginning  of  the  year  1878 : 

The  appropriation  by  Congress  for  the  care  and  preservation  of  the 
collections  for  the  fiscal  year  ending  June  30, 1877,  was  $10,000.  Of 
this  amonut  $5,090.86  were  expended  up  to  December  31, 1876,  and  the 
balance  of  $4,909.14  has  been  expended  dming  the  six  months  ending 
June  30, 1877. 

For  repairing  and  fitting  ap  the  "  Armory  Building,"  and  storing  the 
specimens  received  from  the  International  Exhibition,  an  appropria- 
tion was  made  by  Congress  of  $4,500,  of  which  $3,916.23  were  expended 
in  the  six  months  ending  December  31, 1876,  and  the  balance  of  $583.77 
has  been  expended  during  the  first  six  months  of  1877. 

APPBOFBIATIOHS  BY  OONaBEBB  FOR  NAIIONAI.  MUSEUM  IN  1877. 
Preservation  of  collections,  Smithsonian  Institution,  1878. 

"  For  preservation  and  care  of  the  collections  of  the  Kational 
Mnseum" $18,000  00 

"  For  expenses  of  making  up  into  sets  for  distribation  to  col- 
leges and  academies,  the  duplicate  ores,  minerals,  and 
objects  of  natural  history  now  belonging  to  the  ITnited 
States,  or  in  the  collections  of  the  International  Exposi- 
tion presented  to  it  by  foreign  governments."  Act  March 
3, 1877.    {Digest  of  Appropriations,  1878,  page  86.) 6,000  00 

$23,000  00 
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Preaervation  of  colleetionSfSmiihtonianl'^titution,  Armory  Building^lSlS. 

"  For  fitting  op  the  Aimory  Bailding  for  storage  of  articles 
belonging  to  tbe  United.  States,  including  tbose  trans- 
ferred from  the  International  Exhibition,  and  expense  of 
watching  the  same" $2,500  00 

National  Museum,  SmitJisonian  Institution. 

<*  For  the  National  Museum  in  charge  of  tbe  Smithsonian 
Institution,  for  restoring  to  their  proper  place  in  tbe 
National  Museum  cases  removed  to  the  International 
Exhibition,  and  rearranging  the  collections,  and  for  ex- 
penses and  preservation  of  the  collections,  and  for  receiv- 
ing, packing,  and  transporting  the  objects  presented  to 
the  United  States  at  the  Centennial  by  State  and  foreign 
governments,  and  for  properly  storing  and  preserving 
tbem  nntil  a  proper  disposition  can  be  made  of  the  same." 
Act  March  3, 1877.   (Digest  of  Appropriations,  1878,  page 


$35,000  00 

The  total  receipts  of  tbe  Mnseam  for  the  year  1877  have  therefore 
been — 
Preservation  account,  for  fiscal  year  ending  June  30, 1877 

(balance) , 84,909  14 

Armory  account,  for  fiscal  year  ending  Jane  30, 1877  (bal- 
ance)   683  77 

Preservation  account,  for  fiscal  year  ending  June  30, 1878.       23, 000  00 

Armory  account,  for  fiscal  year  ending  June  30, 1878 2,500  00 

Kational  Museum  (return  of  Centennial  collections,  &ic.), 

for  fiscal  year  ending  June  30, 1878 25,000  00 


$55,992  91 
Expended  daring  six  months  ending  June  30,  1877 : 

Preservation ...  $4, 909  14 

Armory 583  77 

$5, 492  91 

Expended  during  six  months  ending  Decem- 
ber 31, 1877 : 

"Preservation" $11,676  79 

"Armory  " 1,  Oil  75 

"National  Museum  » 22, 959  10 

$41, 140  55 


Balance  January  8, 1878,  to  the  credit  of  tbe  Museum,  to 
defray  expenses  of  tbe  collections  for  the  six  months  end- 
ing June  30, 1878  $14,852  36 
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All  tbe  payments  od  aocoont  of  the  N^ational  MaBenm  have  been  made 
directly  by  the  disbarsiog-offlcer  of  the  Department  of  the  luterior,  on 
the  preeentatiott  of  voacbers  approved  by  tbe  Secretary  of  the  Smith- 
soDiau  Institution. 

SUMMABT. 

The  ExecDtive  Committee  have  examined  six  hundred  and  seventy- 
six  voBchers  for  payments  made  from  the  Smithson  income  during  the 
year  1877,  and  six  hundred  and  eight  voacbers  for  payments  made  from 
appropriations  by  Congress  for  tbe  Kational  Museum,  making  a  total  of 
1,284  vouchers.  All  of  these  vouchers  have  the  approval  of  the  Secre- 
tary of  the  Institation  and  the  certificate  that  the  materials  and  ser- 
vices charged  were  applied  to  the  purposes  of  the  Institation, 

Tbe  Committee  have  also  esamiued  the  accoaut-boohs  of  the  ^National 
Muaenm,  and  find  the  balance,  as  before  stated,  of  $14,852.36  t^)  corre- 
spond with  the  certificates  of  the  diabursing-officer  of  the  Department  of 
the  Interior. 

The  quarterly  acconnts- current,  bankbook,  check-book,  and  jonmat 
have  all  been  examined  and  found  to  be  correct,  and  to  show  a  balance 
to  the  credit  of  the  Institution  on  the  6th  of  January,  1878,  ia  charge 
of  tbe  Treasarer  of  tbe  United  States  of  $35,083.90,  to  be  appropriated 
to  the  enrrent  operations  of  the  Institution. 

Bespectfnlly  submitted. 

PETEE  PAEKER, 
JOHN  MACLEAN, 
GEO.  BANCEOFT, 
Executive  Committee  of  the  ^itk$Qnia»  Inatitution. 

WASHIHGTOH,  January  22, 1878. 
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JOURNAL  OF  PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


Wabeukgtok,  D.  C,  January  16, 1878. 
Id  accordance  witb  a  resolution  of  the  Board  of  Itegents  of  the  Smith- 
Boniaa  Institution  fixing  the  time  of  the  beginning  of  the  annual  session 
on  the  third  Wednesday  of  Jannary  in  each  year,  the  Board  met  this 
day,  bat  a  qnomm  not  being  present  it  adjonrned  to  meet  on  Wednesday, 
January  23,  at  7  o'clock  p.  m. 

Washinqton,  D.  C,  January  23, 1878. 

A  meeting  of  the  Board  of  Begeuts  of  the  Smithsonian  Institution  was 
held  this  day  at  7  o'clock  p.  m.,  in  the  office  of  the  Secretary. 

Present,  Chief  Justice  Waite,  Chancellor  of  the  Institntion ;  Hon.  Wil- 
liam A.  Wheeler,  Vice-President  of  the  United  States;  Hon.  R.E.  Withers, 
Hod.  Hiester  Clymer,  Hon.  James  A.  Garfield,  Bev.  Dr.  John  Maclean, 
Prof.  Asa  Gray,  Prof.  Henry  Coppte,  Hon.  Peter  Parker,  and  the  Secre- 
tary. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Excuses  for  non-attendance  were  received  from  Messrs  Hamlin,  Sar- 
gent, Bancroft,  and  Stephens. 

The  Secretary  stated  that  od  the  Ist  of  November,  1877,  the  Vice- 
President  appointed  Hod.  B.  E.  Withers,  of  Virginia,  as  a.  member  of 
the  Board  of  Begents,  in  place  of  Hon.  J.  W.  Stevenson,  of  Kentucky, 
whose  term  of  service  as  Senator  had  expired.  He  also  stated  that  ttie 
Speaker  of  the  House  of  Bepresentatives,  on  the  14th  January,  1878, 
had  appoint«d  the  following  Begents :  Hon.  Hiester  Clymer,  of  Pennsyl- 
ania ;  Hon.  Alexander  H.  Stephens,  of  Georgia ;  Hon.  James  A.  Garfield, 
of  Ohio.  He  also  laid  before  the  Board  a  letter  from  Prof.  James  D. 
Dana,  resigning  his  membership  in  the  Board,  on  account  of  continued 
ill  health,  and  stated  that  a  joint  resolution  hod  just  passed  both  houses 
of  Congrefis  electing  President  Noah  Porter,  of  Yale  College,  Connec- 
ticDt,  to  fill  the  vacancy. 

Professor  Henry  presented  a  general  exhibit  of  the  condition  of  the 
Smithaon  fund  and  a  detailed  statement  of  the  receipts  and  ezpenditnres 
for  the  year  1877.  He  stated  that  to  save  time  these  statements  and 
all  the  accounts  of  the  Institntion  had  been  referred  by  him  to  the 
Executive  Committee. 

The  snbject  of  the  Virginia  bonds  held  by  the  Institution  and  the 
propriety  of  disposing  of  them  was  considered,  the  Secretary  having 
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called  attentioD  to  the  &ct  that  their  present  valae  was  about  17,000  less 
than  at  the  last  meeting  of  the  Board. 

Mr.  Withers  was  of  the  opinioo  that  the  temporary  depression  was 
dne  to  fears  of  improper  legislation  by  the  State,  and  lie  conld  not  pre- 
dict what  coarse  woold  be  pnrsaed,  bat  he  believed  it  injndicions  for  the 
Institntion  to  part  with  these  funds  at  present. 

The  Chancellor  and  the  other  Begents  concnrred  in  this  opinion. 

Dr.  Parker,  from  the  Ezecative  Committee,  presented  the  following 
report  relative  to  the  portrait  of  the  Secretary,  ordered  by  the  Board  at 
its  last  annoal  session : 

EBPOBT. 

TbeExecnUve  Committee,  which  were  anthorizedand  requested  to  have 
a  life-size  portrait  of  the  Secretary  of  the  iDstitatioQ  painted  by  some 
competent  artist,  report  that  after  a  full  inquiry  for  the  best  artist,  the 
chairman  of  the  committee  visiting  New  York  solely  for  the  parpose, 
consulting  men  acquainted  with,  and  judges  of,  the  artists  of  the  city,  and 
visiting  the  stadios  of  some  of  the  most  distinguished  portrait-painters 
and  ezamiuiDK  their  works,  their  choice  was  between  Daniel  Hautington 
and  Thomas  LeClear,  esqs. 

Mr.  HantlDgtoti,  who  had  painted  Professor  Henry  when  n  younger 
man,  would  have  been  happy  to  i>aint  him  again  in  the  maturity  of  hia 
years,  but  his  health  was  delicate  and  he  was  averse  to  leaving  hom& 
Mr.  LeOlear  could  come  to  Washington  and  paint  the  portrait  at  once. 
The  prices  were  essentially  the  same  with  both  artists.' 

Mr.  lieClear  was  decided  npon,  and  he  agreed  "  to  paint  a  three-quarter 
length  life-size,  the  canvas  to  be  three  feet  by  two  feet  nine  inches,  head 
and  two  hands,  for  $1,600,  the  same  to  be  painted  in  the  best  style  pos- 
sible to  him." 

Mr.  Huntington,  on  learning  the  decision  of  the  Executive  Committee, 
wrote:  "I  congratnlate  yon  on  your  choice  of  my  esteemed  friend,  Mr. 
Thomas  LeClear,  to  paiut  the  portrait,  which  will  insure  yon  a  work  of 
rare  artistic  merit." 

The  committee  have  now  the  pleasnre  of  presenting  the  Board  of  Be- 
gents  the  portrait  of  Professor  Henry,  the  result  of  their  endeavor  to 
discharge  the  delicate  duty  devolved  upon  them. 

PETER  PARKER, 
GEO.  BANCROFT, 
JOHN  MACLEAN, 
Executive  Committee. 

Jahuabt  22, 1878. 

On  motion  of  Mr.  Withers,  the  report  of  the  committee  was  received 
and  ordered  to  lie  upon  the  table  for  the  present. 

Dr.  Parker  presented  the  aDunal  report  of  the  Executive  Committee, 
signed  by  himself,  Dr.  Maclean,  and  Mr.  Bancroft,  relative  to  the  re- 
ceipts, expenditures,  estimates,  &c. 
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Oa  motion  of  Professor  Copp^  the  report  was  adopted. 

The  Secretary  stated  tbat  the  "Memorial  of  the  Board  of  Begeote," 
relative  to  the  new  bnildiDg  for  the  NatioDal  Mnseam,  had  been  presented 
to  OoDgress,  and  that  a  bill  in  accordance  with  it  had  passed  the  Senate, 
without  objection,  bat  it  had  been  presented  so  late  in  the  session  that 
favorable  action  coald  not  be  obtained  in  the  Honse  of  Bepresentatives. 
A  renewed  effort  would  be  made  this  session  to  accomplish  the  desired 
object.  Several  of  the  Begents  expressed  the  opinion  that  tbe  bill  woald 
be  passed  at  an  early  day. 

Tbe  Secretary  presented  to  the  Board  a  miniature  likeness  of  James 
Smitbson,  foander  of  the  Institution,  and  also  one  of  CoL  Henry  Dick* 
inson,  his  half  brother,  which  had  been  parchased  from  Mous.  dela  Batat, 
of  Belz,  France,  a  half  brother  of  the  nephew  of  Smithson,  who  parted 
with  them  on  acconnt  of  pecuniary  need  and  his  desire  that  tbe  Insti- 
tntion  sbonid  possess  them.  Mr.  de  la  Batut  bad  also  presented  to  the 
Institution  a  nnmber  of  notes  addressed  to  Smithson  by  Oersted,  Arago, 
Blot,  Tennant,  Ktaproth,  and  other  distinguished  scientific  men  of  his 
time,  showing  bis  intimate  association  with  them ;  also  a  draught,  in 
Smithson's  handwriting,  of  his  will,  differing  in  one  very  slight  particular 
from  the  will  as  presented  to  the  United  States  by  the  English  Court. 

Professor  Henry  gave  an  account  of  what  had  been  received  of  the 
personal  effects  of  Smithson,  aud  stated  that  nearly  all  these  had  been 
destroyed  in  the  fire  at  the  Institution  in  1865.  He  advised  the  repub- 
lication, in  a  suitable  form,  of  all  the  scientific  papers  of  Smithson. 

On  motion  of  Dr.  Maclean  it  was — 

Resolved,  That  the  Secretary  bo  requested  to  have  a  memoir  of  James 
Smitbson  prepared  and  published,  to  luclude  all  his  scientific  papers 
now  accessible. 

On  motion  of  Dr.  Copp^  it  was — 

Besolvedf  That  the  Secretary  prepare  aud  publish  a  history  of  the 
origin  and  progress  of  the  Institution. 

On  motion  of  Dr.  Copp4e  the  Board  adjourned  to  meet  on  Saturday, 
26tb  instant,  at  7  o'clock  p.  m. 

Janoaby  26,  1878. 

A  meeting  of  the  Board  of  Begents  was  held  this  day  at  7  p.  m.,  in 
the  office  of  the  Secretary. 

Present,  Chief -Justice  Waite,  Chancellor ;  Hon.  E.  B.  Withers,  Hon. 
James  A.  Garfield,  Hon.  George  Bancroft,  Hon  Peter  Parker,  Dr.  Asa 
Gray,  Dr.  Henry  Copp6e,  and  Professor  Henry,  Secretary. 

Bxouses  for  non-attendance  were  received  from  Messrs.  Wheeler,  Ham- 
lin,  Sargent,  Stephens,  Clymer,  Maclean,  and  Porter. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Professor  Henry  presented  bis  annual  report  of  the  operations  of  the 
lustitntioa  for  the  year  1877,  which  was  read  in  fnll. 

On  motion  of  Hon.  James  A,  Garfield  the  report  was  accepted,  and 
the  Secretary  directed  to  transmit  it  to  Congress. 


C^ooglc 


123  JOUENAL  OF  PnOCEEDINGS. 

The  report  of  the  Executive  Committee,  relative  to  the  portrait  of  the 
Secretary,  laid  over  at  last  meeting,  waa  considered. 

On  motion  of  Dr.  Gray  it  was — 

Resolved,  That  the  Regents  accept  from  the  Execntive  Committee  the 
portrait  of  the  Secietnry,  procured  in  fulfillment  of  the  reBoIution  of  the 
Board  of  Febmary  6, 1877,  and  present  their  thanks  to  the  committee 
for  the  satisfactory  manner  in  which  this  duty  has  been  accomplisheil. 

The  Board  then  adjoarucd  to  meet  at  the  call  of  the  Secretary. 
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GENERAL  APPENDIX 


SMITHSONIAN  EEPOET  FOR  1877. 


Tbe  ol^ect  of  tUa  sppeadiz  la  to  ninatnte  the  openttons  of  Cb«  baStntlon  hj 
reports  of  leotniM  and  eztiMta  finm  aoirMpondenoa,  as  well  aa  to  ftamlBli  inlbrmatloii 
of  a  ebanctor  sniled  Mpedally  to  tlio  obsetvera  and  other  penona  inteieated  in  the 
promotion  of  knovledge. 
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COLOR-BLINDNESS  IN  ITS  RELATION  TO  ACCIDENTS  BY  BAIL 
AND  SEA. 


Bt  F.  Holmgrsn, 

Frofuior  of  PhgtioUgy  at  tA«  UniverHts  of  Up»al, 

[TninBlated  for  the  Smitbeooitui  Inatitution  b;  U.  L.  Duncan.]* 


INTBODUCTION. 

In  several  preoediug  memoirs  I  bave  treated  the  subject  of  color-bliod- 
oess  from  the  tbeoretical  side  of  tbis  singular  pbenomenon.  Bat  it  has, 
likewise,  a  practical  side  of  vast  importance ;  for  not  only  does  tbis  de- 
fect of  vision  every  day  give  rise  to  inconveniences  in  the  varions  depart- 
ments of  the  sciences,  arte,  and  indnstries,  bnt  it  is  also  the  eanse  of  most 
disastrous  accidents  by  rail  and  by  sea.  Fablio  attention  has  been 
attracted  to  this  side  of  the  question  by  scieutifle  works  or  by  accidents, 
and  tojadgef^om  certain  facts  reported  in  books  and  newspapers,  there 
DOW  seems  to  prevail  a  more  general  conviction  of  the  necessity  of  making 
the  sense  of  color  amongst  seamen  and  railway  employes  an  object  of 
official  scrutiny  and  control  in  order  to  gnard  against  this  bidden  danger, 
to  which  too  little  attention  has  been  given.  Our  times  are  probably 
ripe  for  sacb  a  reform,  and  there  is  only  wanting,  it  seems,  for  ite  imme- 
diate and  general  adoption,  a  practical  method,  a  well-arranged  plan, 
and  initiatory  energy.  It  is  to  snpply  these  deficiencies  that  we  have 
undertaken  and  pnblisbed  these  pages. 

To  Sweden  belongs  the  honor  of  having  taken  the  initiative  in  this 
reform,  and  in  sacb  a  manner  as  to  exercise  a  full  control  over  the  sense 
of  color  on  all  onr  railways.  Tbis  reform  was  promptly  matured,  and 
introduced  in  a  not  less  rapid,  sure,  and  systematic  manner,  wliich  an* 
doubtedly  proves  the  advantages  of  the  method,  plan,  and  principles 
which  were  followed. 

A  knowledge  of  the  method  of  investigation  and  of  the  principles 
relating  to  it  has  been  so  far  disseminated  merely  by  oral  exposition  and 
ppplioation  before  the  physicians  and  railway  employes  in  the  Amphi- 
theatre of  Physiology  of  tlpsal,  during  the  latter  part  of  tbe  year  1876. 
Consequently,  what  is  remarkable  with  regard  to  the  subject  is  that  the 
entire  reform  was  established  in  Sweden  before  any  rales  or  principles 
'  were  printed.  One  of  tbe  most  important  canses  of  tbis  fact  is  found 
in  the  conviction  felt  from  the  first  of  the  advantages  of  speech  over 
writing  in  sacb  matters.  The  other  reason  is  that  our  results  were  ob- 
tained with  unexpected  rapidity,  and  that  the  time  devoted  to  it  pre- 

*  This  article  has  been  necessarily  somewhat  abridged  ihim  tbe  French  transhition : 
I>«  la  C6eit6  des  Conlenra,  dans  see  rapports  aveo  les  Cbemios-de-fer  et  la  Marine,  par 
F.  Holmgren.  Traduit  do  au^dors  aveo  I'aatorleatioa  de  I'auteur.  Stocklkobn.  6  to. 
pp.  144.    [1877.] 
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-vented  aa  &om  publishing  this  work  before  the  reform  was  introduced. 
If  this  faet  staonld  render  the  pablicatioa  of  these  labors  less  indispen- 
sable for  the  time  being,  we  mast  not  forget  the  importance  and  neces- 
sity of  directions  which  will  serve  in  the  fature  for  oar  own  railways,  as 
well  as  for  the  introdnetioa  of  a  similar  reform  elsewhere. 

The  importance  of  aniformity  in  the  method  of  examination,  in  the 
classitlcatioD,  and  in  the  principles  relating  to  the  disposal  of  the  per- 
sonnel, cannot  be  too  highly  estimated,  for  this  is  of  consequence,  not 
only  to  science,  and  especially  to  statistics,  bat>  also  to  a  purely  practical 
end.  This  &ct  becomes  the  more  forcible  when  connected  with  the  in- 
vestigatioD  of  the  sense  of  color  among  seamen ;  for  every  reform  of  this 
kind  within  the  province  of  navigation  naturally  assumes  an  interna- 
tional character.  Our  classification  as  well  as  our  method  of  examining 
the  color-blind  is  founded  upon  the  Young-Helmholtz  theory,  and  wu 
cannot  refrain  from  enumerating  here  the  principal  elements.  This 
theory  is  assuredly  not  the  ouly  one,  nor  even  the  last  that  has  been 
given  to  the  public  and  gained  partisans ;  but  it  is,  in  oar  opinion,  the 
beat  for  the  end  in  view,  and  it  will  be  seen  that  it  essentially  responds, 
as  far  as  regards  practical  interest,  to  all  that  we  have  a  right  to  require 
of  a  theory.  We  have  no  intention  of  attempting  to  establish  its  correct- 
ness. We  make  use  of  it  for  a  definite  purpose,  under  the  conviction 
that  It  is  a  needful  basis  for  the  systematic  and  accurate  solution  of 
some  of  the  prEictical  questions  under  consideration. 

In  brief,  the  object  of  this  work  is  to  give  a  practical  and  clear  idea 
of  the  nature  of  color-blindness,  of  ita  importance  to  marine  and  railway 
service,  and,  finally,  a  concise  summary  of  the  principles  to  be  followed 
and  the  measures  to  be  taken  in  order  to  secure  immunity  from  its  pecu- 
liar dangers.  The  reason  why  we  confine  ourselves  almost  exclnsively 
to  railways  here  is  that  the  reform  in  view  has  already  been  introduced 
into  this  department,  and  a  valuable  experience  acquired.  And  it  is 
clear  that  these  results  may  equally  well  be  applied  to  navigation,  at 
least  in  all  essentials. 

Color-blindness  in  many  other  departments  of  practical  life  also  leads 
to  serious  inconveniences,  and  as  it  is  desirable  that  an  examination  of 
the  chromatic  sense  be  undertaken  on  a  large  scale  in  schools,  as  a  guide 
in  the  choice  of  professions,  we  hope  this  memoir  may  serve  in  a  meas- 
nre  to  this  end.  We  should,  moreover,  be  very  bappy  to  have  the 
opportunity  (so  rarely  accorded  to  physiology)  of  being  usefnl  to  hamas- 
ity,  without  the  intervention  of  practical  medicine. 

I.— HISTOEICAL  SKETCH. 

Color-blindness  has  been  known  for  a  long  time,  and,  therefore,  has 
its  history.  The  first  cases  known  to  the  public  are  mentioned  in  a  let- 
ter fh)m  Joseph  Huddart*  to  Joseph  Priestley,  dated  January  15, 1777, 

*  An  Account  of  persons  who  could  Dot  distingaUh  oolore.  By  Mr.  Joseph  Haddut, 
in  a  letter  to  the  Bev.  Joseph  Ftiestluf ,  L.L.D.,  F.B.S.  Fhilosopbical  TiMiBkctioDi  of 
the  Bojaj^  Society  of  London.    To).  Ixvii.    Foe  tbejear  1777,  parti,  p.2G0. 
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jast  ODe  hundred  years  ago.  The  cases  in  point  were  those  of  a  shoe- 
maker, named  Harris,  of  Mary-port,  in  Cnmberland,  and  his  brother, 
master  of  a  merchaiit' vessel,  helonging  to  the  same  port.  Although  the 
description  is  very  brief,  several  features,  which  at  a  later  date  charac- 
terized complete  color-blindness,  are  recognized,  and  especially  in  the 
latter  case  the  type  of  blindness  known  at  present  nnder  the  name  of 
red-blindness. 

The  first  case  of  color-blindness  accurately  described,  kuown  to  us,  is 
tbat  of  John  Daltou,  the  celebrated  English  chemist  and  physicist. 
TJuable  to  distinguish  red,  he  studied  this  defect  of  nature  in  himself, 
and  published  in  1794  a  detailed  and  accurate  description  of  it.*  It  is 
after  him  tbat  color-blindness  received  the  name  of  Daltonism,  an  ap- 
pellation which  appears  to  have  been  employed  for  the  first  time  by 
Pierre  Provost,  at  Geneva,  in  1827,  and  was,  therefore,  in  use  during  the 
life  of  Dalt^n,  who  did  not  die  until  1844.  It  is  not'known  whether 
Dalton  was  aware  of  this  appellation,  but,  however  that  may  be,  he 
probably  would  not  have  objected  to  this  use  of  his  name,  for  according 
to  George  Wilson  he  was  more  amnsed  than  annoyed  by  bis  defect,  he 
himself  enjoying  the  amusement  he  afforded  others  by  bis  mistakes 
iu  colors.  His  conntrymen  have,  however,  warmly  protested  against 
this  manner  of  immortalizing  the  memory  of  Dalton  by  perpetuating  a 
congenital  defect,  especially  as  his  scientific  merits  are  sufficient  to  ren- 
der bis  name  imperisbable.  But  notwithstanding  these  protestations, 
and  the  universal  use  iu  England  of  the  name  of  color-blindness,  which 
was  first  introduced  by  Sir  David  Brewster,  and  is  now  in  general  use  in 
Germany  [farheblindheit],  tlie  terms  Daltonisme  and  Daltonien  are  still 
in  common  use  in  France. 

Daltou  also  cites  a  number  of  instances  of  color-blindness,  similar  to 
his  own,  and  later  a  host  of  others  are  mentioned  by  different  authors; 
but,  on  the  whole,  these  are  isolated  cases  accidentally  encountered,  and 
considered  as  curiosities,  and  tbeir  most  striking  features  described  and 
discussed,  but  with  no  knowledge  of  how  to  reduce  them  to  fised  laws. 
For  this  purpose,  three  things  were  especially  wanting:  a  practical 
method  of  investigation,  a  large  material  for  the  purpose,  and  a  satis- 
factory theory  for  direction  in  the  employment  of  this  material. 

Seebeck  was  the  first  to  interest  himself  especially  in'  systematically 
collecting  a  number  of  cases  relatively  very  large,  and  in  comparing 
tliera  with  each  other.  In  1837  be  made  a  strict  examination  of  the 
students  of  one  class  in  a  school  iu  Berlin,  and  gave  a  detailed  account 
of  twelve  cases  of  complete  color-bliuduess  examined  by  himself,  and  of 
one  mentioned  by  bis  fattier,  as  ivell  as  a  few  other  instances  more  or 
less  color-blind,  which  form  the  transition  between  complete  color-blind- 
ness and  the  normal  chromatic  sense.  Seebeck  understood  the  uncer- 
*  Extraordinary  facta  relatiug  to  Ibevieion  of  colors:  wilb  obBervatioua  by  Mr.  John 
Dalton,  read  October  3l8t,  1T94.  Memoirs  of  tbe  Literary  and  Pbilosopblcal  Society 
of  Manchester.    Vol.  v,  part  i  (1798),  p.  28. 
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talnty  and  inadmissibility  of  attempting  to  discover  tbe  nature  o£  this 
liUndness  by  simply  iaterrogating  tbe  color-blind  as  to  the  names  of  tbe 
colored  objects ;  be  was  carefal  to  note  wbat  mistakes  they  made  in 
comparing  the  colors,  or,  in  otber  words,  be  ascertained  between  what 
colors,  different  to  tbe  normal  eye,  they  found  resemblances.  Follow- 
ing up  tbis  principle,  he  proceeded  metbodioally  to  examine  individuals; 
he  invited  tbem  to  arrange,  in  the  order  of  their  resemblaQces  to  each 
other,  a  number  of  colored  objects,  which  in  the  beginning  were  in  confa- 
sion.  He  used  principally  paper,  about  three  hundred  pieces  of  differ- 
ent colors,  not,  however,  rejecting  other  materials,  especially  pieces  of 
colored  glass.  He  objected  to  silk  on  accou  nt  of  its  brilliancy,  but  rec- 
ommended wool,  althongh  he  does  not  appear  himself  to  have  preferred 
to  nse  it.  It  is  not  clear  from  Seebeck'a  writings  whether,  after  eacli 
examination,  be  preserved  tbe  order  in  which  these  pieces  of  paper  were 
arranged  by  the  color-blind;  but  it  is  certain  be  compared  tbe  manner 
of  arranging  tbem  in  different  cases,  and  drew  bis  own  conclnsioDS. 
By  tbis  comparison,  Seebeok  snoceeded  in  pointing  out  two  classes  of 
specifically  distinct  color-blindness.  Of  the  thirteen  caaes  be  examioed, 
eight  belonged  to  the  first  and  five  to  tbe  second  class.  Moreover,  be 
shows  that  in  the  two  classes  there  is  a  great  variety  of  degrees  of  color- 
blindness, and  seeks  farther  to  prove  the  probable  existence  in  the  two 
classes  of  a  gradual  transition  to  the  normal  sense  of  color, 

Bnt  Seebeck  and  bis  contemporaries,  like  their  predecessors,  conld  not 
discover  a  satisfactory  explanation  of  tbe  defect  in  question,  or  practi- 
cally see  its  relation  to  the  norm^  sense  of  color.  This  Is  easily  ex- 
plained by  tbe  fhct  that  at  this  time  there  was  not  the  least  plausible 
system  of  a  physiological  doctrine  of  colors.  Indeed,  as  early  as  tbe 
beginning  of  our  century,  a  usefnl  and  satisfactory  theory  had  been 
devised  by  Thomas  Tonug,  bat  it  had  been  neglected  or  forgotten,  as  were 
many  of  the  other  ideas  of  this  extraordinary  man,  who  was  for  in 
advance  of  bis  age,  and  conseqnently  not  understood.  The  theory  of  the 
three  primitivecolors,  or  fundamental  x>erceptions,ofToang,  was  rescued 
fit>m  oblivion  by  Helmholtz  about  the  year  1850,  jwd  also  later,  bat  inde- 
pendently, by  MaxwelL  This  theory  has  undoubtedly  already  exerted  a 
very  happy  indnence  over  the  physiological  doctrine  of  colors  in  general, 
as  well  as  over  tbatof  tbe  anomaly  in  chromatic  perception.  In  desigoat-' 
ing  this  theory  by  the  names  of  both  scientists,  we  thereby  simply  rea- 
der Jnstice  to  the  merit  which  accrues  to  Helmholtz  for  hjiviug  revived 
and  applied  it.  Owing  to  this  theory,  the  question  of  the  nature  of  color- 
blindness haabeenoflatethe  object  of  strong  and  growing  interest,  Tbe 
number  of  oases,  and  also  of  treatises  on  the  subject,  have  increased  very 
considerably,  and  tbe  study,  undertaken  by  physiologists  as  well  as  by 
opbtbalmological  practitioners,  has  not  been  confined  to  congenital  color- 
blindness and  its  different  forms,  but  has  also  extended  with  mncti 
earnestness  over  pathological  diagnostics.  It  is  only  abont  tea  years 
since  that  a  new  theory,  that  of  four  cardinal  colors,  succeeded  in  making 
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many  partisans.  Bat  vben  will  it  be  in  a  condition  to  meet  the  exigen- 
cies of  the  pfaysiological  doctrine  of  colors  in  a  more  satis&ctory  manner 
than  tlie  Yonng-Helmlioltz  tlieory  T  This  is  yet  ankaown.  With  regard 
to  the  defect  now  occapying  oar  attention,  it  seems  very  doabtfal,  to 
jndge  by  the  trials  that  have  been  made,  whether  this  theory  woald  better 
meet  practical  necessities  than  that  of  the  three  cardinal  colors.  And 
it  is  precisely  these  practical  requirements  that  have  led  as  to  mention 
the  theory  here. 

Up  to  the  present  time,  the  theoretical  problem  of  color-blindness 
has  andonbtedly  been  the  object  of  more  serions  attention,  and  has  been 
richer  in  results  than  the  practical.  Kow,  as  the  latter  is  nevertheless 
of  singular  importance,  and  the  difBcnlties  to  be  encountered  to  solve  it 
in  a  satisfactory  manner  seem,  in  many  respects,  of  only  secondary 
importance,  it  is  not  easy,  in  reality,  at  the  first  approach,  to  find  a  snit- 
able  explanation.  It  will  not,  therefore,  be  uninteresting,  we  believe,  to 
cast  a  rapid  glance  over  this  side  of  the  question  from  a  historical 
point  of  view,  which  will,  in  the  first  place,  bring  out  the  fact  of  which 
we  speat,  and  perhaps  also  contribute  to  bring  to  light  the  point  at 
which  it  is  necessary  to  look  for  the  cause  of  this  state  of  things.  The 
first  writer  who  serioasly  occapied  himself  with  the  investigation  of 
colorblindness  in  the  various  departments  of  practical  life,  and  especially 
drew  attention  to  the  possible  accidents  occasioned  by  the  employment 
of  color-blind  individuals  on  railways  and  at  sea,  and  generally  in  all 
operations  where  colored  signals  are  used,  was  George  Wilson,  professor 
of  technology  at  the  University  of  Edinburgh.  *  Wilson's  researches 
were  purely  practical  in  aim  and  end.  The  mistakes  made  by  the 
stadents  of  bis  laboratory  in  judging  the  colors  of  chemical  precipitates 
led  him  to  reflect  npon  this  subject,  after  reading  the  memoir  in 
which  Dalton  describes  his  own  anomaly.  For  a  long  time,  he  tells 
us  he  scarcely  dared  suspect  any  of  his  pupils  of  having  so  rare  an  in- 
firmity, but,  like  many  after  bim,  he  took  courage,  proceeded  to  make 
an  examination,  and  found  that  not  only  were  his  suspicions  perfectly 
correct,  but  that  color-blindness  was  for  from  being  so  uncommon 
as  usually  supposed. 

He  dilates  at  length,  in  his  memoir,  on  the  peculiar  characteristics  of 
seventeen  color-blind  individuals;  eight  were  examined  by  himself,  and 
the  others  described  by  different  observers,  or  the  color-blind  them- 
selves. These  cases  were  distributed  as  follows:  fourteen  men  and 
three  women ;  sixteen  cases  were  congenital,  and  one  proceeded  from 
a  cerebral  affection  caused  by  a  fall  from  a  horse.  It  must  be  re-  \ 
membered  that  this  last  case  had  not  been  examined  before  the  acci-  < 
dentj  a  circumstance  rendering  the  verification  of  the  pathological  ' 
origin  of  color-blindness  difQcult,  but  the  descrtption  seems  to  authorize 

■  ReaeOTobes  on  coloi-blindnesa,  with  »  snpplement  on  the  dangec  attending  the 
present  ayetem  of  railwa;  aad  marine  colored  signale.  B;  George  Wilson.  Edis- 
borgb,  1855. 
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the  oondasion  that  the  case  vaa  correctly  Jadged.  Besides  the«e 
casea  described  iu  detail,  and  illastrated  by  a  nnmber  of  interesting  aneo- 
dotea,  Wilson  cites  a  great  many  others  analogous,  bnt  only  accidentally 
encoantered  by  onr  aatbor,  or  mentioDed  tc  him  by  other  persons,  for 
which  he  was  indebted  to  the  interest  the  CLnestion  liad  excited  in  Eng- 
land by  his  own  initiatory  steps.  Wilson's  data  are  not  merely  limited 
to  this  Itind  of  investigation.  HealsomeDtionsthesystematioreBearches, 
(analogoas  in  some  measare  to  those  of  Seebeck,)  which  he  nndertook  in 
order  to  discover  color-blind  individaals,  and  by  that  means  form  some 
idea  of  the  frequency  of  color-blindness  amongst  the  popnlation.  It  is 
to  him,  in  fact,  we  owe  the  first  efforts  to  establish  regnlai  statistics  on 
this  subject,  as  it  woald  be  difBcult  to  receive  as  soch  the  cases  coUect«d 
by  Dalcon.  To  attain  tbisend,  Wilson  examined  at  the  same  time  a  large 
nnmber  of  individaals  belonging  to  the  same  claas,  ench  as  soldiers, 
stndents,  police-agents,  veterinary  students,  etc.,  and  discovered  in  this 
way  65  color-blind  oat  of  l,15i  persons  examined;  that  is,  B.G  per 
cent.,  or  one  color-blind  oot  of  every  17.7  persons.  If  desired  that  statis- 
tics of  this  nature  should  render  the  service  expected,  it  is  plain  that 
there  most  be  great  strictness  in  the  nse  of  the  methods  of  examination, 
and  especially  in  any  case  where  a  doabt  of  color-blindness  exists.  Here, 
as  in  the  classification  of  color-blindness  in  general,  theory  exercises 
great  influence.  In  this  respect,  it  is  very  important  that  uniformity 
should  prevail,  or  at  least  that,  at  the  time  of  the  employment  of  the 
different  theories  and  methods,  the  limits  should  be  well  defined  between 
color-bliodness  on  one  hand,  and,  on  the  other,  between  the  different 
kinds  of  anomalies,  and  finally  that  the  process  should  be  so  selected  for 
examination  and  classification  that  from  any  pi'actical  point  of  view 
an  accurate  judgment  could  be  formed  of  the  result,  and  a  classifica- 
tion made  of  the  different  cases  under  any  system  whatsoever.  It  is  only 
by  fulfilling  these  conditions  that  these  statistical  data  can  be  useful; 
and  that  they  may  have  a  real  value,  it  is  the  more  necessary  that  the 
method  should  be  so  sure  that  no  color-blind  individual  could  escape 
the  experimenter. 

It  is  impossible  to  say  that  Wilson's  statistics  fnlflll  these  regnirements. 
Wilson  was  not  ignorant  of  Young's  theory  as  restored  by  Helmboltz 
and  Maxwell.  But  this  theory  bad  not  as  yet  begun  to  excercise  a 
general  influence  over  the  ideas  of  the  nature  of  the  anomalous  percep- 
tion of  colors,  the  methods  employed  in  discovering  it,  and  the  manner 
of  classifying  the  different  forms.  Wilson's  method  and  classification 
therefore  are  deficient.  His  method  consists  in  presenting  to  the 
individaals  to  be  examined  pieces  of  colored  paper,  one  after  the 
other,  or  a  diagram  in  an  illustrated  work,  and  asking  the  names  of 
the  colors.  Tliose  only  who  evince  some  hesitation  in  distinguishing 
red,  green,  and  brown  are  required  to  submit  to  Seebeck's  proof,  that  is 
to  say,  classifying  according  to  their  analogy,  but  without  indicating  by 
name  the  pieces  of  colored  paper,  glass,  or  wool    From  this  it  can  be 
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qaite  positively  oooolnded  that  this  method  ia  not  altogether  aafe. 
Wilson  acknowledges  as  possible  that  some  of  the  color-blind  mightpass 
ttuperceived,  especially  when,  to  save  time,  the  examination  is  made  more 
hastily  than  the  method  allows. 

The  classiflcation  ia  not  better  regulated ;  in  fact,  it  distribntes  the 
color-blind  into  three  classes :  Ist,  those  who  confound  red  with  greeu ; 
2d,  those  who  confound  brown  with  green ;  and,  3d,  those  who  confonnd 
bine  with  green.  This  distribution  is  not  founded  upon  any  theory,  nor 
is  it  either  the  exact  expression  of  well-defined  kinds.  Wilson  himself 
agrees  that  those  who  make  the  mistakes  characterizing  the  first  class  do 
not  fail  to  make  those  of  the  second  also.  The  second  group  might  there- 
fore be  correctly  regarded  as  the  same  kind  as  the  first,  of  an  inferior 
degree.  With  regard  to  the  third  class,  it  is  more  than  doabtfal  whether 
the  greater  number  of  the  cases  which  it  includes  can  be  classed  under 
the  head  of  color-blindness.  It  also  seems  that  Wilson  hesitated  with 
regard  to  this,  since  he  has  excluded  this  group  itom  one  of  his  tables. 
This  class  contributes  the  most  also  in  rendering  the  proportion  of  color- 
blindness as  great  as  Wilson  found  it.  From  these  statements,  the 
statistics  given  by  this  author  cannot  he  regarded  as  very  useful. 
Besides,  the  number  of  cases  examined  is  too  limited,  especially  as  the 
particular  figures  forming  the  sum-total  differ  considerably  among  them- 
selves. There  is,  however,  another  reason  rendering  Wilson's  work  of 
great  importance,  and  worthy  of  being  especially  mentioned  here.  Wil- 
sou's  constant  aim,  in  fact,  was  to  direct  attention  to  color-blindness  in 
its  connection  with  practical  life,  and  that  in  a  very  extended  sense.  He 
shows  that  an  individual  whose  anomaly  from  infancy  has  been  estab- 
lished should  avoid  selecting  a  profession  in  which  his  defective  sense  of 
color  might  occasion  difficulties  and  annoyances  to  himself  as  well  as  to 
others.  Accordingto  Wilson,  the  color-blind  should  never  become  paint- 
ers, dyers,  weavers,  tailors,  chemists,  botanists,  geologists,  physicians,  etc. 
Amongst  the  occupations  in  which  the  color-blind  risk  being  the  cause  of 
embarrassments  and  annoyances  to  themselves  as  well  as  to  others,  and  of 
real  and  serious  accidents,  Wilson  especially  mentions  those  of  the 
sailor  and  railway  employ^,  because  the  colorblind,  who  have  a  peculiar 
tendency  to  confonnd  the  very  colors  employed  as  signals  at  sea  and 
on  railways,  may  in  this  way  occasion  even  death  itself. 

Wilson  does  not  coufine  himself  to  poiutingont  these  dangers  to  their 
full  extent,  but  proposes  preventive  measures.  For  this  purpose,  be 
suggests  very  sensibly  the  only  two  measures  that  could  be  taken:  to 
preserve  the  colored  signals  in  actual  use, — red  (=  danger),  green  (= 
attention),  and  white  (the  ordinary  light  of  lanterns,  that  is  yellow  = 
clear  track),  and  in  this  case  eliminate  all  the  color-blind ;  or  else 
rotaio  all,  and  change  the  signals.  Wilson  decides  in  favor  of  the  latter 
alternative,  which  he  considers  preferable.  He  says  that  the  managers 
of  railways  have  been  very  unfortunate  in  their  choice  of  colors,  select- 
log  precisely  those,  red  and  green,  the  color-bliod  confound  the  most. 
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This  opioioD  does  not  extend  to  the  algnals  used  during  the  day.  But 
Wilson  fails,  and  very  naturally,  when  he  proposes  other  colors  prefer- 
able, aecordiDg  to  hia  judgment,  for  night-signals }  for  example,  a  bine 
light,  excellent  in  all  other  respects,  cannot  fail  to  be  nseless  in  conse- 
quence of  the  small  amount  of  power  it  is  capable  of  acquiring  in  an 
ordinary  lantern,  Wilson  reaches  the  couclusion  that  colors  should  be 
discarded  as  principal  signals ;  they  should  be  employed,  he  says,  only 
as  aosiliary,  and  founds  his  system  of  signals  on/oj-m,  motion,  and  num- 
ber. He  enlarges  to  some  extent  upon  this  subject  in  a  supplement  to 
liis  memoir,  into  the  details  of  which  we  cauuot  now  enter. 

The  dangers  which  threaten  travel  by  rail  and  sea,  and  the  disasters 
resulting  from  mistakes  of  the  color-blind  with  regard  to  colored  signals, 
were  clearly  understood  and  distinctly  expressed,  and  the  measures  to  be 
taken  to  avoid  them  plainly  proposed  more  than  twenty  years  since.  If, 
therefore,  it  is  now  asked,  as  would  be  natural,  to  what  practical  results 
all  this  has  led,  we  might  reasonably  expect,  especially  when  we  recall  the 
attention  that  Wilson  awakened  on  the  subject  amongst  his  contempora- 
ries, that  au  important  reformation  for  assuring  public  safety  would  long 
since  have  been  accomplished  not  only  in  Eugland,  but  in  every  civilized 
country.  A  mere  glance  over  the  existing  condition  of  things,  however, 
reveals  the  f^t  that  the  answer  is  not  satisfactory.  Tbe  only  practical 
result  mentioned  by  Wilson  in  bis  work  as  a  result  of  bts  writing)*,  is 
tbe  resolution  of  the  Great  Northern  Railway  Company  that  the  entire 
personnel  must  iu  future  prove  themselves  free  from  this  defect  of  the 
chromatlo  sense  before  entering  the  service ;  and,  as  Wilson  says,  the 
public  is  indebted  for  this  wise  measure  to  one  of  the  directors  of  the 
company,  Mr.  Qraham  Hutchison,  whose  attention  was  called  to  Wil- 
son's works  by  Dr.  Mackenzie,  of  Glasgow.  We  see  by  this  that  the 
numerous  articles  written  by  Wilson  before  publishing  his  views  and 
experience  in  taW  had  aroused  public  attention  to  an  interesting  phe- 
nomenon iu  tbe  scientific  world,  but  had  not  led  to  any  practical  appli- 
cation, except  in  the  one  ease  in  which  a  physician  had  succeeded  in  per- 
sonally interesting  one  of  the  directors  of  a  railway  company  in  the  ques- 
tion. We  know  not  how  i^r  other  administrations  have  followed  this 
example.  It  is  very  probable  that  this  measure  has  not  been  adopted  by 
a  single  company  in  Balton's  country,  where  color-blindness  was  dis- 
covered in  the  first  place,  and  where  it  was  studied  with  so  much  care 
that  England  was  long  regarded  as  the  veritable  land  of  this  anomaly. 

It  would  appear  then  that  no  considerable  change  has  taken  place  iu 
the  matter  since  Wilson's  time.  With  regard  to  the  English  navy,  we 
still  lack  positive  information. 

With  regard  to  France  we  are  more  fortunate.  For  a  long  term  of 
years,  Dr.  A.  Favre,  of  Lyons,  was  occupied  with  the  practical  side  of 
this  question,  and  made  different  investigations  into  the  perception  of 
colors,  especially  amongst  the  employes  of  tbe  Paris- Lyon-Mediterranean 
Company,  of  which  he  was  for  a  long  time  one  of  the  consulting  physi- 
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oians.  He  then  proceeded  to  make  an  ezaminatioii  of  soldiers,  sailora, 
and  fitndents.  The  informatioQ  we  are  about  to  give  is  priocipally 
derived  ftx)m  Dr.  Favre'a  pampfalet,  which  he  kindly  sent  as. 

We  will  give  a  brief  statement  of  his  stEttistica,  his  method,  and  his 
idea  of  color-blindness,  and  then  his  propositions  for  practical  measures. 

In  relation  to  the  freqoency  of  color-blindness  amongst  the  personnel 
of  railways,  Dr.  Favre  tell  ns  that  ont  of  1,196  candidates  examined  by 
bim  from  Jane,  1864,  to  December,  1872,  thirteen  were  rod-blind  and 
ooe  green-blind  (1.17  per  cent.) ;  but  ont  of  728  employes  of  the  same 
lioe  examined  in  1872  and  1873,  be  found  not  less  than  42  cases  (5.76 
per  cent.)  of  color-blindness  more  or  less  prouoanced,  and  that  althoagh 
276  amongst  them  had  previonsly  submitted  to  aa  examination  for  the 
same  defect.  Daring  a  snbsegaent  examination,  from  Jnly,  1873,  to  Oc- 
tober 1, 1875,  be  discovered,  amongst  1,050  men  from  eighteen  to  thirty 
years  of  age,  nearly  all  formerly  soldiers,  not  less  than  98  color-blind 
(9.33  per  cent.).  The  increasing  proportion  of  color-blindness  at  each 
series  of  inspection  mast  be  attribnted  to  the  modiflcatioos  introduced 
into  tbe  method  and  diagnosis,  owing  to  which  a  comparatively  much 
larger  namber  of  oases  has  been  classed  under  the  bead  of  color-blind- 
ness. This  large  proportion  is  easily  explained  by  the  method  and  man- 
ner of  making  the  diaguoaia.  Dr.  Favre's  method,  which  he  has  devel- 
oped from  year  to  year,  oonaiats  in  this :  be  preseuta  to  the  aabjects  to  be 
examined  wool  of  diflierent  colors  correspondingto  those  of  the  spectrum, 
red,  yeUow  (inolading  orange),  green,  blue  (incladiug  indigo),  and  violet, 
and  demands  the  name  of  each  of  these  colore.  AH  who  are  at  fault 
aboat  t^em  are  pronounced  color-blind.  He  regards  also  as  auch  those 
who  hesitate,  and  who,  when  the  test  is  repeated  several  times,  give  to  a 
color  sometimes  its  own  name  and  aometimes  another.  And  yet,  Dr. 
Favre  thought  it  hia  duty  to  correct  the  result  obtained  at  tbe  last  exam- 
ination :  ftom  the  93  cases,  he  withdrew  29,  who  hesitated  only  in  the 
designation  of  the  colors,  and  3,  who,  after  repeated  tests,  corrected  their 
preceding  mistakes;  the  proportion  falls  by  that  ^m  9.33  to  5.8  per 
cent. 

On  two  points.  Dr.  Favre  has  In  bis  works  announced  new  viewa,  and 
whether  they  ought  to  be  accepted  or  merely  left  to  gain  supporters, 
they  are  of  a  nature  to  produce  consequences  of  great  importance  in  tbe 
practical  world.  In  fact,  it  has  invited  especial  attention  on  one  hand 
to  acquired  color-blindness,  which  is  quite  common,  according  to  his  pam- 
phlet, on  the  Paris- Ly on-Mediterranean  line,  and  results  from  various 
causes.  On  the  other  hand,  he  aaserts  that  congenital  color-blindnesa  is 
not  incurable,  bat  can  be  remedied  by  meana  of  assiduous  and  syste- 
matic exercise  in  colors. 

The  practical  measures  demanded  by  Dr.  Favre,  in  accordance  with 
bis  viewa  and  esperienoe  and  that  of  hig  fellow-laborets,  with  regard 
to  color-blindness,  might  be  embodied  in  the  following  terms :  an  ex- 
amlaatioa  of  the  chromatic  sense,  obligatory  apwi  all  a«»didates  for 
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railway  employment,  and  upon  those  already  in  service  ;  exclusion  from 
active  service  of  all  who  cannot  distingiiish  red;  especial  examination  of 
all  employ^  afflicted  vith  contasionsorwonnds  on  tbe  bead,  or  recovering 
fromaserionsillaess;  examinationofdrinkers  and  smokers;  and, finally, 
a  periodical  examination  of  tbe  entire  j)er«(mnel  in  active  service;  tbese 
last  measnres  having  reference  to  acqaired  color-blindness.  These  prin- 
ciples apply  eqaally  well  to  sailors.  In  behalf  of  his  views  on  tbe 
cnrability  of  acqaired  color-bliDdness,  in  which  he  seems  more  and  more 
interested,  Dr.  Favre  earnestly  argea  the  introdnction  of  systematic 
exercise  in  colors  in  schools,  in  tbe  army  and  navy,  and  on  railways. 

It  is  readily  seen  that  these  views,  and  tbe  measnres  based  npon  tbem 
might  have  very  considerable  practical  consegnences;  in  fact,  if  they  were 
proved  by  adecisive  test,  we  wonid  have  the  best  and  most  radical  means  of 
preventing  allbhe  inconveniences  and  dangers  tliat  color-blindness  might 
occasion.  Bat,  on  the  other  hand,  if  the  ideas  of  onr  honorable  colleagne 
prove  to  rest  on  bnt  slight  foundation,  as  is  generally  admitted  so  far, 
and  as  we  oarselves  believe,  it  is  to  be  feared  lest  throagh  an  actnal 
improvement  in  the  chromatic  sense,  on  which  these  measures  depend, 
we  might  be  led  into  error  as  to  the  ability  that  the  color-blind  often 
acquire  by  practice  in  designating  the  colors  of  common  objects  accu- 
rately by  conjecture  or  tbe  help  of  other  characteristics,  and,  lulled  into 
a  false  security,  neglect  the  measnres  that  shonld  and  might  be  taken. 
We  are  far  from  asserting  that  Dr.  Favre's  opiuiou  od  this  point  may 
have  already  exercised  snch  an  influence,  but  we  cannot  refrain  from 
mentioning  a  circumstance,  which,  at  all  events,  would  not  contradict 
such  a  supposition.  In  fact.  Dr.  Favre  telts  ns  that  in  1875  tbe  Academy 
of  Sciences  and  Letters  at  Lyons  voted  resolutions  calling  the  attention 
of  the  ministers,  and  amongst  others  that  of  the  navy,  to  Dr.  Favre's 
publications,  and  especially  bis  request  that  sailors  sbonid  be  educated 
and  exercised  in  colors.  We  do  not  know  whether  this  decision  has 
been  put  into  practice,  bnt  we  have  no  reason  to  donbt  it.  But,  on  tbe 
other  hand,  we  learn,  from  special  information,  that  up  to  tbe  present 
(January,  1877)  no  examination  of  the  chromatic  Ben8e.ha8  been  exacted 
of  those  desiring  to  enter  the  French  navy.  Nevertheless,  Dr.  Favre's 
labors  and  his  practical  efforts  in  the  cause  of  color-blindness  have 
awakened  genuine  attention  in  France  and  Belgium.  Be  tells  us  him- 
self, also,  that  the  greater  part  of  the  precautionary  measures  in  use  on 
the  Lyons  railway  from  1857  have  been  since  introduced  on  other  lines, 
and  quite  recently  on  the  Belgian  railways.  Moreover,  Dr.  Favre's 
example  has  enlisted  the  interest  of  several  physicians  in  this  cause. 
One  of  the  most  distinguished.  Dr.  F^ris,  surgeon-general  of  the  navy, 
has  written  a  memoir  on  the  importance  of  color-blindness  to  navigation. 
This  memoir  deficribes  an  examination,  by  the  author,  of  501  sailors, 
amongst  whom  he  discovered  41  cases,  more  or  less  affected  with  this 
anomaly  of  the  chromatic  perception,  that  is  to  say,  8.18  per  cent.  This 
large  proportion  is.esplaiued  by  the  fact  that  Dr.  FiSrie  finally  employed 
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tbe  same  metbod  and  made  tbe  same  diagDosis  as  Di.  Favre,  and  nearly 
tbe  same  olaasificatioo,  witb  sligbt  tnodifications. 

The  foregoing  aeems  to  show  that  the  qaestioQ  is  now  exciting  atten- 
tion in  France,  and  this  owing  to  the  activity  of  a  single  individaal. 
It  is  obvions,  however,  that  although  Dr.  Favre  may  have  sncceeded 
inintrodndng  measures  insuring  thecommnnicatioDS  against  color-blind- 
aess  amongst  the  employes  of  the  line  to  which  be  was  faimself  attached,  or 
those  of  other  lines,  no  reform  has  been  generally  recommended  or  intro- 
duced on  tbe  French  railways,  and  that  absolutely  no  measnrea  have 
been  taken  in  the  navy.  Besides,  it  is  evident  from  certain  passages  iu 
Dr.  Favre's  pamphlet  and  from  hia  opinion  of  tbe  curability  of  congeni- 
tal color-blindness,  that  the  principles  applied,  where  a  control  has  been 
iutrodoced,  have  not  been  particularly  rigorous.  As  to  the  elimination 
of  tbe  color-blind  personnel,  it  might  with  certainty  be  concluded  that  no 
rigid  rale  has  been  followed ;  from  the  &ct  that  those  only  are  dis- 
charged from  active  service  who  '*  cannot  or  only  partially  can  distinguish 
red,  and  are  consequently  dangerous,"  and  the  fact  that  of  the  forty-two 
color-blind  subjects  detected  by  Dr.  Favre  in  one  of  his  examinations, 
nine  only  were  removed  from  active  service. 

tn  (Germany,  where  an  interest  iu  colur-blindness  has  been  lately  ex- 
cited in  many  quarters,  but  little  is  presented  in  regard  to  the  control  of 
this  defect  on  railways  and  in  the  navy.  We  can  supply  only  a  few  data 
capable  of  throwing  any  light  npon  the  state  of  the  question  there. 

In  an  article  on  tbe  works  of  Dr.  Favre,  Mr.  Blaschko  points  out  the 
importance  of  seriously  making  the  sense  of  color  amongst  the  person- 
nel of  railways  an  object  of  official  scrutiny  and  control,  according  to 
Dr.  Favre's  plan. 

Dr  Stilling  in  1875  gave  ns  still  farther  information  in  an  account  of  a 
method  proposed  by  bim  for  discovering  color-blindness  by  means  of 
colored  shadows.  "Here  also  in  Germany,"  says  he,  "several  railway 
companies  have  directed  their  attention  to  this  subject  (color-blindness), 
and  the  time  is  probably  not  far  distant  when  investigation  amongst 
railway  personnel  and  others  will  be  andertaken  ex  ojffido  and  en 
masse."  We  do  not  know  how  or  in  what  measure  this  prediction  may 
be  realized,  but  inasmuch  as  the  late  movement  in  Sweden  was  regarded 
by  the  German  papers  as  a  new  and  extraordinary  phenomenon,  and  as, 
moreover,  one  of  the  most  eminent  physiologists  of  Germany  writes  us 
that  DO  general  measures  have  been  adopted  with  regard  to  it  in  that 
coantry,  we  may  conclude  that  no  practical  reformation  on  the  subject 
Las  been  generally  introduced  there. 

We  hear  from  Holland  that  measures  with  regard  to  this  defect  are 
DOW  on  the  road  t«  execution. 

A  rapid  glance  over  tbe  development  and  existing  state  of  this  ques- 
tion in  Sweden  cannot  be  void  of  interest.  In  what  is  called  the  Lager- 
landa  case  or  trial,  instituted  in  consequence  of  a  railway  accident,  of 
vbich  Ijagerlunda  in  Ostrogothia  was  the  th«atw,  S»Ta»hir  1&,  WK, 
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and  wbich  at  the  time  intensely  excited  public  attention,  testimony 
was  addaced  vhich  led  me  to  sappose  that  color-blindness  was  one  of 
the  principal  eaases  of  tbe  diaaster.  This  impressed  me  with  the  idea 
that  official  scrutiny  and  control  shonid  be  exercised  over  the  sense  of 
color  smoDgst  railway  employes.  Witboat  knowing  what  had  been 
done  or  written  with  reference  to  this  in  other  countries,  I  considered  it 
my  duty  to  take  the  initiative.  After  convincing  myself  that  the  steps 
to  be  taken  shoald  consist,  witii  the  preservation  of  tbe  existing  system 
of  signals,  in  elimiDating  £rom  tbe  railway  service  all  employes  afflicted 
with  color-blindness,  or  at  least  those  with  certain  kinds  and  degrees,  I 
regarded  It,  first,  of  tbe  highest  importance,  to  have  a  practical  method 
which  should  render  the  discovery  of  the  color-blind  rapid  and  certain, 
witboat  incurring  heavy  expense  or  reijniring  extensive  preparations, 
and  in  consegaeDce  to  be  able  to  examine  easily  a  considerable  number 
of  individuals.  Then  it  seemed  to  me  esseotial  to  endeavor  to  interest 
the  high  fanctionaries  at  tbe  head  of  the  railways  personally  in  the 
matter. 

As  regards  the  method,  I  bad  already  found  one  purely  theoretic, 
which,  white  in  agreement  with  that  of  Yoang-Helmboltz,  proved  to  be 
practical  in  the  examination  of  tbe  color-blind.  But  this  method  was 
only  intended  for  discovering  the  types  of  partial  color-blindness  {com- 
plete, according  to  the  theory),  but  not  the  form  of  blindness  I  had 
ascertained  by  the  perimetrical  examination  of  the  colored  visual  field, 
and  defined  under  tbe  name  of  incomplete  color-blindness.  Tbe  method 
received  accordingly  a  new  practical  aim,  and  it  became  necessary,  in 
consequence,  to  render  it  more  accurate,  and  especially  to  make  a  trial 
of  it  by  an  examination  of  the  masses,  so  as  to  determine,  by  experiment, 
the  practical  value  of  the  method,  and  form  an  idea  of  the  amount  of 
color-blindness  in  our  conntry,  of  which  no  one  had  the  slightest  con- 
ception. The  desired  occasion  presented  itself  ia  the  month  of  Jnue, 
1876,  and  I  am  indebteded  to  the  politeness  of  M^or-General  Von  Knoi- 
riiig  and  Major  Budbeck  for  permission  to  examine  2,220  men  belonging 
to  a  regiment  of  infantry,  cantoned  in  Upland  (standing  army  and  mili- 
tia), and  to  the  dragoons  of  the  guard  (militia).  The  method  proved  to 
be  capable,  in  its  extraordinary  simplicity,  of  perfectly  answeriug  the 
end  in  view  with  reference  to  rapidity  and  accuracy.  The  examination 
of  each  man  required,  on  an  average,  one  minnte,  sometimes  more  and 
often  less ;  and  with  tbe  improved  form  we  had  given  the  method,  we 
also  discovered,  with  accuracy,  every  icdividnal  incompletely  color- 
blind. With  regard  to  the  knowledge  acquired  by  this  examination  of 
color-blindness  amongst  the  population  of  the  province,  we  found  that 
out  of  2,220  men  eleven  conld  not  distinguish  red,  seventeen  green,  one 
violet  (T),  and  thirty-one  were  incompletely  blind,  according  to  tbe 
classification  I  had  used.  There  were,  then,  in  all,  sixty  color-blind, 
or  2.7  per  cent. —The  instances  of  a  feeble  sense  of  color  are  Dot  in- 
clijded  in  t^i^    .  , , 
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Od  the  14th  of  Jnly,  of  the  iame  year,  I  bad  an  opportnnlly,  before  a 
cougresa  of  Scandinavian  pfayeioiaoB  aasembled  at  Gothembonrp,  of 
giving  an  account  of  the  method,  of  stating  the  resnlts  obt^ned  by  Its 
nae,  and,  besides,  of  expressing  my  views  on  the  neoeeaity  of  tailing 
measnros,  on  a  large  scale,  for  the  detection  of  color-blindneso,  espeolaity 
amongst  railway  employ^  It  resalted  in  the  congress  nnanimonsly 
resolving  tbat  it  was  necessary  to  make  investigations  for  the  detection 
of  oolor-blinduesa ;  1st.  Amongst  employes  of  railways;  2d.  Amongst 
.pilots,  light-house  keepers,  and  sailors  in  general;  and  3d.  In  schools. 
During  the  session  of  the  oongress  I  had  an  opportnnity  also  of  proving 
to  the  phyedcians  tlte  practical  ntility  of  the  method  by  examining,  in  their 
presence,  and  with  the  permission  of  Oolonel  Oarlsohn,  100  men  of  a  regi- 
ment of  artillery  from  GoUiio,  amongst  whom  we  found  fonr  oolor-blind, 
namely,  one  red-blind,  one  green,  and  two  incompletely  blind.  Besides, 
on  the  same  occasion,  we  discovered  amongst  the  medical  members  of 
the  congress  one  green-blind,  and  amongst  the  andience  one  red-blind. 
I  was  then  advised  to  apply  directly,  in  person,  to  the  directors  of  rail- 
ways. Thanks  to  the  press,  which  had  attentively  followed  np  the 
debates  of  the  Oothembonrg  congress,  the  question  had  reached  ttie 
public.  It  naturally  became  an  object  of  attention  to  railway  offldals, 
although  received  by  a  greater  portion  of  them  with  a  certain  mfstmst, 
seeing  in  it  tho  result  of  a  scientist's  iuiRginntion  or  an  overwrought 
Bolioitade,  rather  than  a  matter  of  practical  application  for  the  benefit 
of  railways.  "  If  colorblindness  really  exist,"  they  said,  "  it  cannot,  at 
any  rate,  be  amongst  the  employes,  or  it  would  undoubtedly  have  been 
remarked ;  especially  most  this  bethe  esse  smongst  the  engineers  and  eoo- 
duotors,  as  they  rise  from  inferior  grades,  and  consequently  have  amply 
proved  th^r  ability  to  distinguish  signals."  It  was  therefore  of  extreme 
importance  to  endeavor  to  obtain  at  once  positive  assnrance  on  this 
point.  The  opportnuity  soon  presented  itself.  Mr,  Jacobsson,  snperin- 
tendent-in-chief  of  the  Upsala-Gefie  line,  invited  me  to  accompany  him 
in  a  tour  of  iuspectiou  to  examiue  all  the  employes  under  his  con- 
trol. The  trip  was  made  in  a  special  car ;  we  left  Upsal  the  7th  of 
September,  and,  to  make  our  iosprction,  halted  at  every  station  and 
gale-keepei'*s  and  guard-hoose.  In  brief,  we  stoppedatevery  place  where 
an  employ^  could  be  found.  The  investigation  was  conclnded  at  Oelie, 
tiie  8th  of  September.  The  entire  pertonnel,  men  and  women,  number- 
ing 2G6  iDdivid&nls,  was  examined.  We  discovered  amongst  these 
thirteen  color- blind  men,  that  is,  4.8  per  cent. ;  six  were  completely  green- 
blind,  and  seven  incompletely  blind.  They  were  distribnted  as  follows, 
with  reference  to  their  functions:  one  station-master,  one  engineer,  two 
conductors,  one  foreman,  two  workmen  (one  a  supemamerory),  two 
>  ^vcraeers^one-asupernumerary],  two  way-gnards,  one  porter  (messenger), 
and  one  Jonrneyman  engiqcer.  Immediately  after  the  examination,  the 
general  snperinteodent  discharged  all  who  were  completely  green-blind. 
Ibis  first  inspection  was  in  mafiy^eepu^^very  interesting.    It^howed 
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that  the  method  of  inspection  ooold  be  oaed  and  woa  expedient  for  rail-  - 
ways.  MoreoTer,  tt  proved  that  there  really  were  oolor-bliad  in  almost 
every  grade  of  service  of  a  Swedish  railway,  and  this  witbont  there 
bnvlBff  bwn  tba  iilightwt  snapioioD  of  lt|  which  conBrmed  my  opinion  of 
the  utility  and  Importance  of  enabling  those  employed  on  railways  to 
convince  themselves  ie  vitu  of  the  natnre  of  color-blindness  and  of  its 
pmetical  value  to  railways. 

Belying  npon  the  experience  I  had  JoBt  acquired,  I  wrote,  September 
25,  to  the  royal  directois  of  the  state  railways,  and  called  atteutioD, 
amongst  other  niatteTS,to  tbe  necessity  of  eetablisblng  a  systematic  con- 
trol over  the  sense  of  colors  amongst  railway  officials,  and  requested  at  tbe 
same  time  permissiOD,  In  the  presence  of  the  directors,  or  a  person  desig- 
nated for  the  purpose,  tci  examine  the  officials  attached  to  any  railway 
whatsoever  for  the  purpose  of  convincing  the  directors,  In  a  practicnl 
manner,  of  tbe  true  nature  and  importance  of  tbe  qoestion.  At  this  timo 
the  directors  had  already  issued  orders  that  as  Incapacity  to  dlsttngnisb 
primitive  colors  closed  the  avenoe  to  railway  employment,  the  physi- 
cians attached  to  the  different  Uues  must  examine  all  applicants,  anil 
that  heads  of  sections  must  afterward  examine  into  whether  any  of 
their  snbordinates  were  incapable  of  distiuKnisbing  these  colors,  in  tbe 
use  of  flags  and  ordinary  signal-lights,  in  any  way  which  seemed  pro- 
per to  them.  On  the  other  hand,  however,  debates  and  experiments  on 
color-blind  individuals,  at  tbe  Physiological  Institute  of  XTpsal,  had 
enabled  me  to  succeed  in  interesting  in  tbe  question  several  persons  at- 
tached to  railways,  and  amongst  them  all  the  directors  of  the  Upsal- 
Oefle  line. 

In  another  letter  to  tbe  royal  directory,  dated  October  8, 1  inriteil 
tbe  members  to  be  present  at  one  of  these  experiments,  to  be  able  to 
form  a  better  judgment  of  the  qnestioa.  Two  engineers  of  the  rail- 
way presented  themselves  October  11,  and  on  tbe  13th  the  chief 
director,  Mr.  Troilins,  came  in  person.  From  this  day  soccesa  seemed 
assured.  As  early  as  October  16,  tbe  dkectors  ordered  that  a  physician 
ih>m  each  district,  and  as  many  more  as  should  desire,  should  assemble 
at  my  office  at  an  appointed  time,  to  acquaint  themselves  with  tbe 
methods  that  I  would  explain  to  them  relative  to  the  examination  of 
oases  of  color-blindness  amongst  the  railway  penonneL  In  consequence 
of  this,  at  the  appointed  time,  October  24,  twenty-six  physicians  at- 
tached to  railways  assembled  in  the  Amphitheater  of  Physiology  at 
Upsal,  and  also  thirty-two  individnals  employed  on  railways,  amongst 
whom  were  tbe  beads  of  nearly  all  tbe  lines  belonging  to  the  private 
companies  of  tbe  country. 

November  0,  tbe  managers  directed  the  physicians  of  tbe  lines  to  ^^■ 
proceed  gradually,  and  according  to  my  metbod,itt*tlfe' examination  ot-  ' 
all  tbe  men  then  employed  on  railway8.,^Tbose  of  the  physicians 
who  did    not  understand  this  method/' added  the  oircnlar,  sfaonld 
.study  it,  either  with  me,  o];jFJth:~oBe*of  thephy^lans  who  hod  been 
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present  at  my  lectures  on  the  sabject;  and  finally  the  saperiDtendents 
must  aend  a  report  of  tho  lesalt  of  this  exnmination,  Boggest  measures 
to  be  taken,  and  in  certain  cases  apply  those  that  circnmstances  might 
require.  In  this  way  the  reform  was  nctaally  introdaoed  on  the  rail- 
ways of  tbe  state.  The  example  was  soon  followed  by  the  private  com- 
panies (wo  do  not  know  of  a  Bin(;1e  exception),  and  although  all  tho  re- 
ports have  not  been  returned  (February,  1877),  and  conseqnently  the 
result  is  not  yet  perfectly  known,  we  might  assert  that  the  examination 
itself  is  finished  everywhere,  in  au  almost  if  not  entirely  thorongh  man- 
ner. Every  case  during  the  examination  pronounced  doubtful  in  the 
diagnosis,  or  where  doubt  existed  about  the  measures  to  take  with  re- 
gard to  it,  has  been  reported  to  me.  Sweden  ia  consequently  the  first 
and  only  country,  as  we  eee,  where  the  control  in  question  bos  been  gen- 
erally adopted,  and  applied  according  to  determined  principles. 

We  have  enlarged  to  some  extent  on  the  manner  in  which  this  matter 
has  been  ancceasively  accomplisbed  In  our  country,  not  simply  to  give 
our  experience  on  the  subject,  bat  rather  tbat  such  details  seem  to  ns  to 
elucidate  the  question  occnpyiug  us.  This  will  be  clearly  evident  if  we 
compare  other  countries  with  our  own  with  regard  to  this.  Let  us  recall 
the  following  facts  i  In  England,  color-blindness  has  been  known  for  a 
century,  and  for  more  than  twenty  years  a  stnct  control  over  the  sense 
of  color  amongst  railway  employes  and  sailors  has  been  demanded.  In 
France^  a  physician  attached  to  a  railway  has  been  for  a  long  time  inter- 
ested iu  oolor-bliudness  amongst  its  employ^,  and  has  been  endeavor- 
ing for  at  least  three  years  to  introduce  a  general  control  on  railways,  in 
the  navy,  and  In  schools.  Finally,  in  Germany,  oolor-bliudness  has 
t>een  for  a  long  time  a  subject  of  soientiflo  atndy,  where  the  necesaity 
of  a  control  of  the  railway  officials  has  been  nrged  hy  a  number  of 
people  of  late  years.  Well,  we  have  seen  that  in  spite  of  all  this,  not  one 
of  these  countries  has  yet  decreed  or  introduced  a  general  control  oa 
railways  and  in  tbe  navy.  In  Sweden,  on  tbe  other  hand,  where  color- 
blindness had  scarcely  been  mentioned  nntit  the  last  few  years,  and: 
where  a  proposition  to  examine  railway  officials  was  only  publicly  made 
July  14, 1876,  and  referred  to  dbrectors  of  railways  September  25,  of  tho- 
same  year,  this  important  reform  may  be  already  regarded  (Febrnary, 
1877)  as  actually  and  tboronghly  eatablished,  in  all  essential  details,  on 
the  entire  system  of  rail  ways  tbrongbont  our  country.  To  complete  our 
data,  it  may  be  added  that  since  November  13, 1870,  the  king  has  Isaoed 
orders  tbat,  at  the  time  of  a  general  review  of  the  fleet,  every  man  should 
bo  examined  n  ith  reference  to  color-blindness.  This  result  is  so  truly 
remarkable  th:tt  ve  cannot  refrain  from  endeavoring  to  discover  tbe 
probable  explauition  of  the  nnexampled  rapidity  with  which  it  has  been 
'  reached  in  cor  ctjant^y.  Tho  explanation  does  not  seem  to  ns.diffloilt. 
Iu  our  opinion,  it  is  chiefly  owing  to  two  oircnmstances ;  one  is  the 
method  employed,  which  ia  not  only  accurate,  as  well  as  simple  and 
rapid,  but  effects  so  palpable  a  r^nlt  that  the  most  skeptical  observer 
10  s  •        , 
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In  HlTDok  by  It  I  tlin  oMifir  olninmfltaiics  In  tlio  tnnnnor  In  wlilelt  tlio 
kitowleilgo  of  tlio  method,  M  well  aa  tlio.  principles  for  tbo  introdnotfon 
of  an  offlolot  control,  hna  been  spread  Ibrongbont  oar  ooantty.  This 
pnblfoltf  was  not  resofaed  in  tbe  naaal  way,  tbrongh  the  medinm  of 
books,  bat  by  oral  oxpoBttlon,  prncticat  applicntion,  and  tfo  tUu.  Oar 
idea  U  oonnrincd  by  the  fiiot  tlint  ibis  personal  inflnonco  is  recognized 
ill  Uioonnos  brongbt  to  onr  knowledge  in  England  and  France,  wbere 
llio  lUiniLtny  and  wnitrol  over  tlio  khisc  of  oolor  ahiongHt  tbe  pergonnel 
of  mllffivys  ban  been  Introduced,  partloalnrly  on  tbe  Orent  Northern 
Italtway  of  tbe  first-named  country,  and  the  Paris-Lyons-Xediterra* 
ueao  line.  Bat  even  without  this  support,  onr  experience  voald  snffl- 
oiently  conTince  ns  that  it  is  important,  if  not  necessary,  to  explain  the 
qneetion  orally  and  de  etiu  to  tbe  physicians,  and  OBpecially  to  railway 
employes.  Speech,  In  sach  cases,  has  an  andonbted  advantage,  and 
our  experience  of  tbe  l<t8t  months  of  1870,  when  tbe  Amphttbcater  of 
Physiology  at  CTpsal  was  often  tbe  resort  of  physicians,  railway  officials, 
and  individaals  afflicted  with  color-blindness,  proves  to  as  that  this 
kind  of  commanication,  especially  in  saob  a  cose  as  that  now  before  ns, 
andoabtedly  exerts  a  more  powerful  influence  than  the  best  written  book. 

The  warm  interest  with  which  the  question  has  been  followed  up  by 
tbe  jonroals  is  too  important  n  circumstance  to  be  forgotten.  Not  only 
has  this  kept  the  public  on  the  alert,  bat  tbe  movement  bttgan  by  us 
has  been  continned  in  other  countries.  Immediate  effects  were  visi* 
bte  amongst  onr  neighbors.  In  Finland,  Dr.  L.  Erohn,  who  acquainted 
himself  by  correspondence  with  the  method  and  principles  nsed  in 
Sweden,  has  already  examined  the  railway  officials  of  his  coontry.  A 
locomotive  and  ambnlauce  were  placed  at  his  disposal  for  examining 
the  personnel  tin  whole  lengtfa  of  the  line.  All  was  accomplished  in 
twelve  days.  He  disoovered  amongst  twelve  bnndred  indlvjdnnls  exam- 
ined, sixty  color-blind,  that  Is,  6  per  cent  They  were  distributed  as 
follows:  four  red>bUnd}  twenty-five  green-blind;  and  thirty-one  incom- 
pletely blind. 

We  have  as  yet  heard  of  no  results  from  Onr  method  in  Denmark  and 
Norway,  but  tbe  qnrstion  is  there  nnder  serious  examination,  as  the 
Physiologioal  Insti'nto  of  Upsal  has  been  visited  on  different  occasions 
by  two  Danish  pb  >  siciaos,  Dr.  Sltdelin  and  Dr.  Fontenay,  sent  by  tbe 
railway  managers  if  Zeeland,  and  by  Mr.  Hagen,  assistant  at  tbe  Physi- 
ological Laborat'  <ry  of  Obristiaoia,  sent  by  the  Medical  Board  of  Norway 
at  the  snggest-.ju  of  Professor  Wona-Miiller.  I  have  thus  had  tbe  , 
pleasure  of  exi'iaining  to  them  tbe  method  of  examination  as  well  as  the 
practical  principles  and  rules  I  propose  to  communicate  in  this  work. 

11.— THE  KATUXtB  OP  COLORBLINDNESS.  y 

It  la  not  my  intention  to  treat  this  qnestion  in  a  thorough  manner, 
but  simply  to  mention  what  is  essential  td  the  practical  end  in  view. 
It  has  been  known  for  a  lo9g  time  that  every  one  does  not  possess 
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Uie  power  of  distin^ishing  colors  in  the  same  manner,  and  tfaat  some 
exhibit  a  divergence  of  snoh  a  natare  aa  to  excite  snrpriae  and  amaae- 
ment.  The  oonfnBlon  of  green  and  red  Is  very  oommoD.  Bnt|  1b  many 
iHStaooes,  the  difBcalty  oODsists  merel;  in  dtecriminatinK  between  deli- 
cate ahades,  while  the  principal  colors  are  easily  distingnisbed.  How 
^all  we  explain  all  this;  how  flud  the  relation  existing  between  the 
normal  sense  of  colors  and  the  abnormal ;  and  where  most  the  limit  be 
drawn  t 

1.— THEOBETIOAI.  SEKTCH. 

Erery  one  knowS)  that  a  radiant  body  creates,  tbroaghont  the  ether 
which  Bnr^QudBit,  nndnlatioDS  which  are  propngnted  in  every  direotion. 
When  these  andnlations — whether  they  proceed  directly  in  right  lines 
from  the  radiant  body,  the  snn  for  example,  or  whether  they  are  reflected 
by  some  intervening  body  enooantered  in  their  oonrse — come  in  contact 
with  special  organs  of  sense,  they  prodnce  certain  corresponding  changes, 
wbiob,  in  tbeir  tnrn,  excite  certain  perceptions  in  oar  mind.  If  the  nn- 
dnlations  come  in  contact  with  our  skin,  we  experience  the  senBatinn  of 
heat;  if  they  strike  the  retina,  that  of  light.  It  is  consequently  onr  own 
bnin  that  prodaces  both  light  and  heat,  resnlting  from  ceirtain  changes 
that  take  place  in  onr  organs  of  sense  (the  retina  or  tlie  skin),  nlthongb 
by  these  names  we  designate  the  external  cause,  when  we  say  that  the 
rays  of  lif^ht  and  heat  proceed  fl-om  the  incandescent  l)ody.  Beverthe- 
less,  to  thoroughly  nnderstand  this  fact  it  is  necessary  on  the  one  hand 
to  distingnish  between  light  and  heat  in  au  oli^ective  sense,  which  are 
virtually  the  same  thing,  that  is  to  say,  undulatious  of  the  ethereal 
medium ;  and,  on  the  other  hand,  between  tight  and  heat  in  a  subjective 
sense,  which  are  sensations  of  an  altogether  different  kind.  We  have, 
in  the  first  place,  here  to  consider  our  perceptions,  and  as  their  most 
immediate  canae  ia  found  in  a  modiBoation  or  activity  of  onr  own  organs 
of  sense,  whatever  be  the  external  canae,  it  is  clear  that  we  must  seek 
the  explanation  of  all  InminouB  phenomena  in  onr  special  organism — 
the  optio nerve;  comprebendinghy  that  term  the  retina,  the  optic  nerve, 
and  those  portions  of  the  brain  with  which  ttaey  commnnicate. 

If  all  the  undnlationa  of  the  luminoas  ethereal  medium  were  exactly  of 
the  same  natore,  or,  on  the  contrary,  if  all  the  elements  of  onr  optio 
apparatus  reacted  in  the  same  way  on  every  kind  of  nndnlations  of  the 
ethereal  medium,  we  cnnld  with  dlflScnlty  imagine  aenaations  of  light  of 
a  different  nature.  Every  specific  activity  of  our  apparatus  of  the  optio 
nerve  would  produce  a  perception  of  light  which  would  vary  in  degree, 
but  not  in  quality.  We  could  have  no  conception  of,  according  to  the 
cases,  a  tight  of  different  kinds,  that  is  to  say,  of  color.  But,  on  the  one 
'  band,  the  science  of  physics  teaches  that  the  nndnlations  of  ether  are 
of  varlons  kinds,  differing  iu  the  rapidity,  and  consequently  in  the  length 
of  the  waves ;  and,  on  the  other  hand,  the  sntyective  qualities  of  light, 
01  onr  perceptions  of  color,  fall  within  tljp  range  of  onr  doily  experience. 
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It  beloDgs  to  tii^orj  to  disoorer  Uie  lav  regnlatiog  these  two  (kctora. 
All  the  qoiilities  of  light  mnst  depend  npon  fonctional  differeoceH  of  the 
elementa  of  the  orgun  of  the  optio  nervet  A  necessary  alternative  is, 
•Itbvr  tbiiortfaa  hu  bat  one  kiod  of  olomentSi  and  then  diiferest  kinds 
of  nndalntiODB  of  the  ether  iudnce  it  to  act  ander  different  forms,  or  else 
there  are  several  kinds  of  elements  or  terminal  organs  in  the  retina  or 
in  the  brain,  xrhioh  always  act  respectively  lu  the  same  way,  while  differ- 
ing from  each  other.  This  latter  hypothesis  accords  better  with  all  we 
know  otherwise  of  the  physiology  of  the  nervons  system,  and  is  virtually 
but  J.  Hiillei's  principle  of  the  specific  energies  of  the  Benses-applied  ia 
detaiUto  the  sense  of  sight.  It  is  also  on  this  last  taypothesiB  that  the 
Toaug-IIelmhoUz  theory  is  based. 

The  following  is  the  principle  upon  which  this  theory  explains  the 
<iaalitio8  of  light  or  colors.  When  one  kind  of  element  nione  is  excited 
or  set  in  motion,  or  when  all  are  simnltaneoasly  excited,  bnt  one  in  a 
higher  degree  than  the  rest-,  onr  sensation  takes  bold  of  that  element  as 
the  quality  of  the  light,  as  the  colored  light  or  color,  and  partlcnlarly  the 
cardinal  or  primitive  color,  which  corresponds  speciOcally  to  the  excited 
element.  If  there  are  several  kinds  of  elements,  and  only  two  of  these 
are  exeited  or  more  excited  than  the  rest,  we  see  the  light  colored,  bnt 
itt  ft  color  which  constitntes  the  combination  of  tlie  two  colors  corre- 
ipondltlK  to  tlie  oxoltod  olemonta.  It  ia  clear  that  the  principle  on  which 
this  Tcasoulng  U  buod  glvot  room  fbr  the  ndmiHlon  of  n«  tnnny  iliircr 
ent  elements,  and,  consequently,  primitive  colors,  as  oonld  be  desired. 
At  all  events,  it  resolts  from  the  principle  that  when  all  the  kinds  of 
elements,  whether  there  be  one  or  sereral,  are  excited  simnltanf-onely 
with  the  same  force,  there  is  no  possibility  of  perceiving  the  qaality  of 
light.  Wo  then  see  but  a  light  in  general,  in  oontradistinction  to  the 
alwonco  of  liglit  or  darkness;  in  otber  terms,  we  see  a  colorless  light,  or, ' 
as  it  is  onlkil,  n  tehile  light,  and  Incorrectly  n  lekite  oolor.  It  follows 
thorefuro  that  when  ouo  element  is  principally  excited  while  the  rest 
ore  also  oxoitotl,  but  in  a  less  degree,  the  perception  of  the  epecido 
quiility  of  the  light  is  fcoblo  in  pro[K)rtion  to  the  degree  of  excitation 
of  tlio  other  domeuts,  sinco  this  olToct  of  their  excitntion  mast  be,  in 
short,  like  n  mixture  of  colorless  light,  or  white  relatively  to  the  color  in 
question. 

Lot  us  now  SCO  how  the  Young- ITel  in  liollz  theory  applies  the  principle 
wo  hiivo  Just  explnincd.  It  rccogniwe  three  cnrdiiiRl  colons  ret/,  grrm^ 
aud  violet,  and  oousequently  throe  kinds  of  corresiKiodiug  elements  in 
the  organ  of  the  optio  nerve;  elements  respectively  perceiving  red, 
gtoou,  nud  violet  When  the  perceptivo  element  of  red  is  excited  alone, 
or  in  a  greater  degree,  we  experience  the  sensation  of  red,  and  so  on, 
DUToient  kinds  of  undnlatlous  of  the  ethereal  medium  excite,  in  differ^  •'' 
ent  degrees,  the  different  elements,  bnt  in  snch  a  way,  however,  that 
•11  excite  in  some  measure  each  of  these  elements. 

WiUiont  Attempting,  from  a^enti&o  point  of  view,  to  explain  the  dif- 
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ferent  kinds  of  objeotire  ligbt  in  the  length  of  tlio  vaye,  in  tbe  pnictloal 
oonrse  we  are  panning  here  it  la  mnoh  more  convenient  to  designate 
them  by  the  effect  they  exert  on  the  normal  sense  of  colors.  With 
this  explanation  we  wiil  then  proceed  to  speali  of  red,  greon,  and  violet 
light,  and  eo  on,  neimiiig  those  ethereal  waves  which  difi^r  in  length,  In 
duration  of  nndnlations,  in  refrangibility,  etc. 

The  eaaieet  and  most  oonvenient  means  of  describing  tbe  relations 
existing  between  tiio  kinds  of  objective  light  and  the  excitability  of  tbe 
different  elements,  or,  in  other  words,  of  the  different  kinds  of  Bntyective 
light,  will  be  to  constraot  a  diagram  in  which  the  curves  indicating  the 
different  kinds  of  light  wiil  be  traced  on  an  absdsBa  according  to  the 
order  in  which  they  are  presented  in  the  solar  spectrom,  and  those 
which  indicate  the  excitability  of  the  respective  elements,  or  rather  the 
intensity  of  the  sensation  of  colors,  will  be  ezpreeeed  by  the  ordinate.  To 
save  space,  and  more  easily  to  comprehend  the  whole,  we  have  drawn 
the  curves  of  intensity  of  tbe  difTerent  elements  on  tike  same  abscissa, 
which  consequently  serves  for  each  one  of  tfaem. 

Figure  1  represents  this  diagram,  sbowtng  the  normal  sense  of  colo^ 
The  spectral  colors  are  here  found  placed  horizontally  in  the  natural 
order,  beginning  with  the  red  {&.),  and  finishing  with  tbe  violet  (V.); 
tbe  three  curves  of  exoitability,  namely,  1st,  that  of  the  organ  perceiv- 
ing red  j  3d,  that  of  the  perceptive  organ  of  green ;  and,  3d,  that  of  the 
organ  perceiving  violet ;  these  curves  indicate  the  manner  in  which  the 
different  systems  of  waves  of  solar  light  act  on  each  of  the  three  ele- 
ments sensible  to  light. 

Fia.  1. 


According  to  these  corves,  the  homogeneoas  red,  from  the  extremity  of 
the  spectrum  to  beyond  the  orange,  affects  tbe  perceptive  elements  of 
red  strongly,  in  a  much  less  degree  those  of  green,  and  still  less  those  of 
violet.  From  this  results  the  sensation  of  red,  which  is  transferred  more 
and  more  into  orange  in  proportion  to  the  increase  of  tbe  exeitntion  of 
tbe  perceptive  elements  of  green.  Homogeneous  yellow  intensely  excites, 
and  almost  in  the  same  degree,  the  perceptive  elements  of  red  and  green, 
while  only  feebly  affecting  the  perceptive  elements  of  violet.  Henoe,  the 
sensation  of  yellow,  which  Is  a  combination  of  red  and  green.  Orem 
light  strongly  excites  the  perceptive  elements  of  green,  and  very  feebly 
QDd  almost  equally  the  two  other  elements.  Henoe,  the  sensation  of 
green* .  Homogeneoas  ^We  excites  quite  strongly  and  almost  equally  the 
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perceptive  elements  of  green  aofl  violet,  bat  feebly  those  of  red.  Hence, 
the  sensation  of  bine,  which  ia  a  oombtnation  of  violet  and  green.  Violet 
light  poworfally  afEbots  the  perceptive  elements  of  violet  and  feebly  the 
two  others.    Henoe,  the  MtiMtioa  of  violet. 

These  cncves  euable  us  to  explain  easily  the  colors  of  the  speetmm  by 
the  theory.  We  find  in  what  proportion  each  one  of  the  three  fnndameu,- 
taJ  perceptions  enters  into  it  by  measnriDgthevertical  distance  from  their 
place  on  the  horlzontaUine  (abscissa)  to  the  corresponding  points  of  each 
of  the  three  carves.  It  is  then  seen  that  there  is  no  oolor  of  the  spectrum 
Into  which  bnt  one  primitive  oolor  enters  exclnsively.  The  two  others  alao 
furnish  their  contingent  2roonei8thereforeperfectly"8Atarated.''  They 
are  more  or  less  spread  with  white,  and  green  is  the  least  sensibly  •'sat- 
orated,"  or  more  whitish.  The  carves  also  show  us  that  yellow  and  blue 
arc  at  the  same  time  whitish  colors,  and  the  most  intensely  Inminous  in 
the  whole  spectrnm.  When  we  again  add  that  a  color  "Baturatfid"  iu 
almost  Uie  same  degree  as  the  other  spectral  colors,  proceeds  from  the 
homogeneous  combination  of  red  and  violet,  that  is  to  say,  pnrple,  and 
its  whitish  shade,  pink,  we  shall  have  said  all,  theoretically,  that  we 
have  to  say  in  relation  to  the  normal  chromatic  sense. 

To  explain  the  abnormal  sense  of  colors  by  the  thcoty  of  the  normal,  we 
can,  in  advance,  conceive  various  possibilities.  Let  us  suppose  that  one 
of  the  three  faudamental  perceptions  Is  wanting,  or  that  one  of  the  prim- 
itive colors  is  absent;  it  ia  clear  that  the  whole  chromatio  system  will  be 
upset.  It  is  evident,  therefore,  that  this  system  most  be  completely  dif- 
ferent, according  to  the  absence  of  one  or  the  other  of  the  three  primi- 
tive colors.  It  is  virtually  just  ia  this  way  that  it  haa  been  attempted 
to  explaiu  coses  of  a  strongly  marlied  defect  in  the  chromntio  sense,  or 
genuine  types  of  blindness  to  color,  found  in  real  life.  The  term  color- 
blindneaa  has  been  Justified  by  this,  as  it  indicatea  in  each  case  a  geonine 
bliadness  to  one  of  the  cardinal  colors.  In  this  way,  therefore,  we  dis- 
tinguish, iuxiording  to  the  hind  of  element  wanting,  three  classes  of 
blindness : 

Ist.  £ed-bliadne»a. 

2d.  Green-blindness. 

3d.  Yiolet-bliudness. 

We  shall  see  that  the  Young-Helmboltz  theory,  as  we  have  explained 
it  far  from  being  contradicted,  as  has  been  recently  claimed,  by  the 
phenomenon  of  color-blindness,  finds  in  it,  on  the  oontrary,  a  support, 
and  this  theory  most  certainly  furnishes  the  best  guide  for  attaining 
the  practical  end  in  view  for  which  we  intend  to  nse  it.  Let  as,  in  the 
first  instance,  cast  a  rapid  glance  over  the  different  kinds  of  typical  and . 
complete  blindness  to  colors,  as  their  features  are  presented  by  the 
theory.  This  sketch  will  be  alngalarly  focilitated  by  the  nse  of  the  same  Z' 
kind  of  carves  employed  in  illnstrating  the  normal  sense  of  colors. 

1.  According  to  the  theory,  blindness  to  r«d  is  due  to  the  absence  or  ■ 
paralysis  of  the  organs  perceiving  red  (flg.  2). .  Bed-blindnesa  has  then 
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bot  two  fiindameotal  oolora,  which,  adhering  strictly  to  th«  theor;,  are 
greea  and  vioUt  (bloe  according  to  Maxwell). 


The  cnrvea  distinctly  show  what  aspect  the  varions  kinds  of  lights  of 
the  Bpcctrum  must  have  for  the  chromatic  sense  such  as  the  one  we 
have  ia  view.  We  will  give  a  short  list  of  them,  according  to  Uelm- 
holtx,  by  designating  here  the  different  kinds  of  lights,  as  we  did  before, 
that  is  to  say,  by  using  terms  borrowed  from  tbe  impressions  they  pro- 
dnced  on  the  normal  chromatic  sense;  the  comparison  will  oof  be  with- 
out interest. 

"  Spectral  red,  which  feebly  excites  tbe  perceptive  organs  of  green, 
and  scarcely  at  all  those  of  violet,  most  couseqneotly  appear  to  the  red. 
blind  a  'saturated'  green  o/a/eeble  tnferuify,  more  'saturated'  than  nor- 
mal green,  into  which  a  nensible  portion  of  the  other  primitive  colors 
enters.  Feebly  luminous  red,  which  affects  tbe  perceptive  organs  of  red 
in  a  normal  eye  sufficiently,  does  not,  on  the  other  hand,  sufficiently 
excite  the  perceptive  organs  of  green  in  the  red-blind,  and  it,  therefore, 
seems  to  them  black.  Spectral  yellow  seems  to  them  a  green  ^saturated' 
and  intensely  luminous,  and  aa  it  constitates  the  precisely  saturated  and 
very  intense  shade  of  that  color,  it  can  be  understood  how  the  red-blind 
select  the  name  of  that  color,  and  call  alt  those  tints  that  are  properly 
speaking  green,  yellow.  Oreen  shows,  as  compared  with  the  preceding 
colors,  a  more  sensible  addition  of  the  other  primitive  colors;  it  then 
appears,  consequently,  like  a  more  intense  but  whitish  shade  of  the 
same  color  as  yellow  and  red.  Tbe  greatest  intensity  of  light  In  the 
spectrum,  according  to  Seebeck's  observations,  does  not  appear  to  tbe 
red-blind  to  be  in  the  yellow  region,  as  it  does  to  the  normal  eye,  but 
ratber  in  that  of  tbe  blue-(n%en.  In  reality,  if  the  excitation  of  the  per- 
ceptive organs  of  green,  as  it  was  necessary  to  assume,  is  strongest  for 
green,  the  maximum  of  the  total  excitation  of  the  red-blind  must  be 
foond  slightly  toward  the  bine  side,  beoanse  the  excitation  of  tbe  organ 
perceiving  violet  Is  then  increased.  The  white  of  the  red-blind  Is  natu- 
rally a  combination  of  their  two  primitive  colors  in  a  determinate  pro- 
portion, a  combination  which  appears  bine-gray  to  the  normal  sight; 
this  Is  why  be  regards  as  gray  the  spectral  tranaitition  colors  from  green 
to  blue.  Then  the  other  color  of  the  spectrum,  which  they  call  blue,  pre- 
ponderates, because  indlgo-blue,  though  somewhat  whldab,  according 
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to  their  chromatlo  sense  is  to  tbem,  oviog  to  its  intensity,  a  more  evi- 
dent representative  of  that  color  tban  vtolet." 

This  description  of  tlie  manner  in  whicli  the  red-blind  forms  a  con- 
ception of  tbe  different  kinds  of  ligbt  of  the  spectrnm  is  assuredl;  ft 
coDolualon  logically  dedaoed  from  the  theory,  but  it  accords  so  well,  at 
tbe  same  time,  with  the  experience  acqaired  in  examining  the  color- 
blind, that  this  might  perfectly  serve  to  support  and  corroborate  the 
theory.  We  will  simply  add  a  point  for  oar  especially  practical  pnrpose, 
or  rather  empfaasize  one  point  of  this  theory.  In  fact,  it  is  clear  that  a 
red  and  green  light  especially  excite  one  and  the  same  element  in  the 
red-blind,  A  ray  red  and  green,  or  an  object  red  and^green,  to  the  nor- 
inal  sense,  mnst  seem  fnndamentally  to  the  red-blind  to  be  the  same  color, 
and  if,  in  especial  cases,  he  knows  how  to  discriminate,  his  Judgment 
is  Bimply  guided  by  the  intensity  of  tbe  light.  Tbe  intensity  of  light 
is  mncb  more  feeble,  as  shown  by  tig.  2,  in  red  tban  in  green.  If  then 
a  red-blind  indlridnal  finds  that  a  red  and  green  tint  are  exactly  alike, 
it  is  necessary  that  the  green  be  to  tbe  normal  eye  mncb  less  Intense 
than  the  red.  This  is  distinctly  shown  by  the  vertical  dotted  lines 
between  B.  and  O.,  and  also  between  T.  and  G.,  in  fig.  2,  and  this  is 
entirely  confirmed  by  experience. 

2.  Oreen-blindneat  derives  its  origin,  according  to  the  theory,  from  the 
absence  or  paralysis  of  the  perceptive  elements  of  green.  The  green- 
blind  baa  therefore  bot  two  ftmdamental  coIotb,  that  is— «tlll  dosely 
adhering  to  the  theory— red  and  violet  (blue  according  to  Maxwell). 
Tbe  Bpeotram  for  green-blindness  should  be,  according  to  the  theory, 
constrooted  in  the  following  manner: 

Fia3. 


Tbe  spectral  r«d,  which  strongly  excites  the  perceptive  organs  of  red, 
and  bat  very  faintly  those  of  violet,  must  therefore  appear  to  tbe  green- 
btind  as  an  extremely  "saturated'*  red,  but  of  a  light  somewhat  less  in- 
tense than  tbe  normal  red,  which  is  comparatively  more  yellowish,  as 
green  forms  a  part  of  it.  The  epeotral  orangeia  again  a  very  "  aaturatod' 
red,  hot  much  more  Inminons.  Yellow  is  undoubtedly  a  more  intensely 
kroiooDS  red  than  the  spectral  red,  bat,  on  the  other  hand,  more  whi^ 
isb,  because  a  sensible  portion  of  the  other  primitive  color  enters  into  it. 

Qrem,  with  its  shades  inclining  to  yellow  and  bine,  onght,  correctly 
speaking,  to  be  a  "satnratedi".  purple  and  with  a  mean  intensity  of 
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light,  bat  It  ia  tfae  white  (gray)  of  tbe  green-bliDd,  for  it  Is  composed  of 
almoat  cqnal  parta  of  tiie  two  prlmitiTO  colors. 

The  frlM  ts  an  intense  violet,  bata  little  less  "satarated"  than  indigo, 
whloh  Is  morfl  ■treosly  Inmlnooi  aod  more  •'  satorated."  Tlolet  Is  a  Uttle 
less  intense,  bat  more  "eatnrated"  tbaa  normal  violet.  The  tints  tooat 
luminonsaad  at  tbe  same  time  most  "saturated"  wbich  must  eonstitate 
tbe  types  of  tbe  primitive,  colors  of  the  green-blind  are  orange  or  its  im- 
mediate neighbor  la  the  epectrnm,  red,  and  indigo-blae.  l^ow  orange  is  a 
color  which,  In  ordinary  language,  especially  amongst  the  ancnitivated 
and  nnpracticed,  is  IndiBcriminately  called  red  and  yellow;  this  fact 
expl^ns  why  the  green-blind  denominate  their  first  fundamental  color 
sometimes  "red"  and  sometimes  "yellow."  We  will  add  to  this  descrip- 
tion the  same  remark  made  aboat  red-blindness.  In  green-blindness 
the  eame  organ  is  .also  found  aHiBctcd  by  spectral  red  and  green  light. 
Bed  and  green  are  then  perceived  by  the  green-blind  in  the  same  way, 
or,  in  other  words,  are  to  him  in  fact  exactly  the  same  color.  In  cases 
where  be  sooceeda  in  distlngnishing  them,  it  is  by  the  aid  of  the  inten- 
sity of  the  light ;  but  with  regard  to  tbis  intensity  of  light,  it  is  the  op- 
posite of  what  occnrs  in  the  case  of  the  red-blind.  A  green  tint  which 
to  the  green-blind  mnst  appear  exactly  like  a  red  one,  to  a  normal  sense 
of  color  mnst  be  sensibly  more  lominons  than  red.  This  is  shown  by 
the  dotted  vertical  lines  between  R  and  O.  and  also  between  Y.  and  O. 
(flg.  3),  and  is  confirmed  in  every  respect  hy  experience. 

3.  Tjiolet-blindneii  (or  blue  according  to  Maxwell)  is  dne,  according 
to  the  theory,  to  tbe  absence  or  paralysis  of  the  elements  perorivlng 
vMeL  The  two  primitive  colors  of  the  vit^et-blind  are  then,  according 
to  the(»y,  red  and  grem.  The  speotram  6f  the  violet-blind  most  in  oonse- 
qoeoce  be  leptesented  as  follows : 

Fio.  4. 


The  red  is  a  purer  red  color  (not  yellowish)  than  normal  red,  but  still 
less  "saturated"}  tbe  more  it  inclines  toward  orange  the  more  strongly 
Inminoos  it  is,  bat  Is  at  the  same  time  less  "saturated,"  more  whitish. 
The  j/ettow  Is,  as  it  were,  a  combination  of  almost  eqaal  proportions  of 
tbe  ftindamentBl  colors  that  form  white.  Oreen  is  a  strongly  lamiuons, 
but  whitish  green,  which  in  tending  toward  the  bine,  becomes  more  and 
more  "  satarated,"  so  that  greenish  blue  mnst  be  tbe  type  of  these  hues. 
The  blue  is  a  green  of  moderate  lamiuosity  and  strongly  *<  saturated", 
and  violet  is  green  very  feebly  Inminons,  but  also  "saturated"  in  a  moeh 
higher  degree  than  the  normal.    A  violet  strongly  Inminoos  is  sufflident 
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to  indaoe  tbia  green,  bat  a  feeble  violet,  althoagb  very  sensible  to  the 
Qormal  e;e,  is  black  to  tbe  color-blind  In  qaestion. 

It  is  plain  tbat  the  vJolet-blindiWhoaeprimitivecoloreare red  and  green, 
donotooDfaaetheaeoolorsi  Ibis  kind  of  blindneM,  from  tbe  ezperimentB 
made  so  for,  mnst  be  very  rare.  For  onr  part  we  bave  not  ancoeeded  In  dis- 
covering more  tbau  two  oases  agreeing  qaite  exactly  with  the  descrip- 
tion givea  by  the  theory,  while  the  first  two  kinds  are  comparatively 
very  common.  In  order  to  be  abnormal  it  is  not  necessary  that  a  aeose 
of  color  sboDld  completely  falDl  tbe  conditions  indicated  in  tbe  types 
we  have  jnst  described.  We  might  perfectly  conceive  a  resultant,  not 
of  an  absolate  abseoceor  of  a  complete  paralysis  of  one  kind  of  percept- 
ive elements,  bat  solely  of  a  comparatively  very  low  excitability,  or,  if 
preferred,  of  a  mach  more  limited  namber  of  one  kind  of  elements,  act- 
ing on  the  retina,  as  compared  with  the  two  otber  kinds.  It  is  very  eaay 
to  coDstrnot  onrves  in  conformity  with  this  idea,  and  not  leas  easy  to 
arrange  in  this  manner  a  coutinaous  series  of  transitions  and  gradoal 
forma  between  one  kind  ot  complete  color-blindness  on  one  side  nod 
the  normal  chromatic  sense  on  the  other.  This  kind  of  defective  vision 
might  be  called  ineomplete  eolor-blindneia,  to  distingaish  it  from  coaiplete, 
aa  we  have  just  ohamcterized  the  three  different  kinds.  Our  experience 
bas  taught  as  that  the  intermedlHry  forme  agreeing  with  the  data  given 
above  are  met  in  large  nambera  lu  practice  and  of  very  different  degrees. 
These  are  the  forms  we  designated  under  the  common  appellRtlon  of 
inoomplete  eolor-blindnesa,  but  we  can  according  to  the  theory  stilt  con- 
ceive other  forms  of  a  defective  sense  of  color.  There  is  one,  amongst 
others,  which  has  at  command  only  one  of  tbe  three  kinds  of  elements. 
Such  a  sense  of  sight  is  not  properly  a  chromatic  sense.  For  it,  there 
exists  DO  specific  difference  in  light,  that  is  to  say,  do  color.  Every  kind 
of  light  here  acts  as  if  on  one  element  alone.  This  is  why  the  single 
perception  of  differences  of  intensity  of  light  (qnantity),  bat  oot  of  dif. 
Iferences  of  color  (qaality),  is  possible,  This  condition  may  then  be 
doNgnated  nnder  the  name  of  total  color -Uindnesi.  Several  cases  hare 
been  mentioned  from  time  to  time,  but  we  have  not  succeeded  in  find- 
ing a  single  one,  and  it  may  well  be  questioned  whether  sncb  a  case  has 
actoally  existed.  We  may  also  conceive  that  another  form  of  a  defective 
sense  of  color  arises  from  the  three  kinds  of  elements  being  uniformly  of 
moderate  sensibility.  We  are  able  to  trace  the  following  diagram  (flg. 
5),  by  which  the  three  curves  simultaneously  approach  tbe  abscissa,  and 
are  flattened  in  such  a  manner  that  tbe  vertices  disappear  tbe  first. 
Fio.  5. 
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As  is  readily  observed,  green  ia  then  precisely  the  color  which,  being 
ordiiiaril;  the  moat  whitish  of  the  primitive  colore,  Is  the  first  to  lose  its 
gaality  ot  "saturated"  color,  and  shades  into  gray.  This  mnst  then  l>e 
ihB  exnot  soheme  of  pathological  oolor-blindneas,  aooording  to  the  theory, 
lu  foci,  wo  have  foand  In  onr  ezamtnabtont  a  large  ouiaber  ot  ontat  p«*' 
feotly  hnrmooizing  with  this  ecbetne.  We  have,  therefore,  classed  them 
under  the  head  of  iaeomplete  oolor-bUndneat  f  and.  this  from  essentially 
practical  reasons.  To  define  their  nature  according  to  the  theory,  it  is 
necessary  to  regard  them  as  a  particular  variety,  wbioh  we  shall  call  a 
feeble  sente  of  ootort.  We  are  not  of  coarse  able  to  decide  how  far  defecle 
of  this  kind  sfaonld  be  considered  as  having  a  patbologioal  origin,  or 
whether  they  are  ever  congenital.  For  this  determination  a  ranch  wider 
experience  in  this  partionlar  department  than  we  now  possess  is  requi- 
site, for  reasons  to  Iw  given  hereafter.  This  kind  of  defect  in  the  sense 
of  color  leads.  If  we  fancy  it  carried  to  its  highest  degree,  or  in  such  a 
condition  that  all  the  elements  lose  sensibility,  to  the  complete  absence 
of  perception  of  light,  that  is  to  Bay,  to  blindness,  strictly  so  called. 
Every  defeot  in  the  sense  of  color  most  then  proceed  either  from  a  sensi- 
bility anomalonsly  reduced  to  a  complete  paralysis  of  one  or  several  kinds 
of  elements,  or  from  a  nnmber  relatively  diminished  in  sensibility  to  the 
complete  absence  of  one  or  several  amongst  them. 

The  experience  acquired  by  an  examination  of  colors  in  difEerent  parts 
of  t^ie  visual  field  elacidates  onr  theory  of  color-blindness,  while  at  the 
same  time  having  a  practical  value.  The  following  is  the  manner  in 
which  this  examination  is  coudncted:  the  eye  is  fixed  npon  an  im- 
movable point;  a  colored  object — for  example,  a  colored  paper  one  or 
two  centimetres  (two  or  four-fifths  of  an  inch)  square— 4b  slowly 
passed  &om  the  side  of  tbe  visual  field  toward  the  fixed  point.  Thin 
experiment  is  performed  still  better  by  means  of  a  special  instrument, 
FSrster'B  perimeter.  We  then  find  that  the  colored  Bnrface,  of  any  color 
whatsoever,  appears  completely  colorless  at  the  extreme  periphery  of 
the  Tisnal  field.  Surfaces  of  different  colors  exhibit  only  variations 
in  intensity  of  light,  not  in  color.  The  ground  on  which  the  sorface 
appears  plays  here  an  important  part;  since  every  time  onr  visual 
sense  perceives  the  light  and  color  of  an^bject,  it  partly  depends  npon 
the  comparison  with  that  which  snrroauds  it.  Thus  a  colored  sorface 
seems  to  ns,  in  this  part  of  the  visual  field,  black  or  gray  on  a  light 
ground,  and  gray  or  white  on  a  dark.  If  while  following  the  same 
direction,  the  colored  object  is  carried  within  the  region  which  snrroands 
the  rest  of  the  visual  field,  like  a  belt  of  greater  or  less  width,  we  begin 
to  Bee  tbe  colored  ol^eot,  bat  not  always  in  ita  natural  color.  Two  colors 
alone,  yellow  and  blue,  retain  their  natural  colors.  All  the  others  hare 
\  the  appearance  of  one  of  these  colors,  conseqneutly  yellow  or  blue.  It 
is  only  after  the  colored  object  is  carried  a  little  farther  toward  the  fixed. 
object  that  it  is  seen  in  its  natural  color.  Consequently  we  normally 
aee  colors  only  In  the  middleof  onr  visual  field,  within  a  compass  extend- 
ing in  a  more  or  less  ecoentrio  manner  in  every  direction  fh)m  the  fixed 
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point.  Outside  of  the  central  field  extends  a  belt  which  Barronads  it 
on  nil  sides,  nnd  in  which  onr  whole  system  of  colors  is  olossed  nnder  two 
heads,  exactly  as  in  the  cose  of  the  rad-blind.  We  have  here,  as  tn  the 
last  case,  bnttwo  colors,  yellow  and  bias.  iDotherwordSjWearecompletely 
rod-blind  in  thii  iDtermedlary  mdsi  beyond  this,  there  tia  peripheral  belt,  . 
ia  which  we  are  totally  color-blind.  Tbese  ore  matters  nnqnentionably 
of  great  theoretic  valae,  bnt  it  mnst  be  acknowledged  they  ore  also  of 
great  practical  importance.  Although  we  have  adopted  the  Yoang-Helm- 
hoUz  theoryfWemnstadmittbatthedifferent  kinds  of  perceptireelements 
of  colors  have  a  different  local  division  aponthe  retina;  and  this  is  why 
we  may  speak  of  the  topography  of  the  chromatic  sense.  The  fact  is  ex- 
plained In  Ibis  way:  Id  the  retina  ot  the  normal  eye,  there  are  eiranltane- 
onsly  three  kinds  of  elements  Id  the  central  part,  corresponding  to  the 
central  region  of  the  visoal  field.  Toward  the  periphery,  beginning  at 
the  central  fossa,  the  elements  become  more  and  more  rare,  bnt  in  an- 
cqnnl  proportions,  so  that  the  perceptive  organs  of  red  cease  first,  and 
this  at  a  limit  corresponding  to  that  of  the  central  region.  In  a  belt 
which  answers  to  the  intermediate  zone,  or  the  belt  of  the  red-blind, 
there  remains  in  cooseqaence  bnt  the  perceptive  elements  of  green  and 
violet.  At  the  limit  near  the  periphery  of  the  retina,  oorreaponding  to 
that  of  the  peripheral  zone  of  the  visnal  field,  or  region  of  absolute 
color-blindness,  the  perceptive  elements  of  green  cease  also,  so  that  there 
only  remains  in  this  last  sono  tb£  perceptive  etementi  of  violet  .We 
have  been  especially  led  to  this  last  conclasion  by  the  examinatfoB  of 
two  cases  of  color-blindness,  where  the  visnal  field  was  so  abnormally 
small  that  the  peripheral  zone  seemed  to  be  effaced,  and  where  we  be- 
sides recognized  the  characteristic  features  of  violet-blindness.  This 
experiment,  which  perfectly  harmonized  with  the  theory,  showed  as  the 
relation  of  complete  red-blindness  to  the  normal  chromatic  sense.  Bed- 
blindness  is  distingaished  from  the  normal  sight  in  this,  that  the  normal 
central  field  is  wanting,  bat  is  replaced  by  a  mean  corresponding  at  the 
same  time  to  the  central  field  and  to  the  intermediary  zone  of  the  normal 
sight.  We  have  also  succeeded,  owing  to  the  t>eripheral  InvestigatioQ 
of  the  colored  visnal  field,  in  verifying  in  a  great  nnmher  of , coses  the 
continnoos  series  of  forms  of  transition  which  we  have  classified  as  one 
kind  under  the  head  of  incomplete  color-blindneea,  or  in  the  instance  es- 
pecially oocapying  as  here,  incomplete  red-blmdneai.  In  the  same  way, 
tbe  other  kinds  of  color-blindness  may  also,  as  regards  the  visoal  field, 
be  classified  according  to  the  theory.  The  visual  field  of  the  green-blind 
is  distinguished  from  that  of  the  normal  observer  in  this,  that  it  has  a 
peripheral  field  correspodding  in  extensiou  both  to  the  iatermediary  and 
jteripheralzonesof  the  normal  observer.  Tbeviolet-blindisdistingaished 
on  the  other  hand  in  this,  that  it  is  completely  deficient  in  the  normfd  / 
peripheral  zone.  Thesetwo  kinds  of  in(»nij)r«tec0ror-&Itndtt«Marei^arflO'' 
terized  by  a  central  field  diminished  at  every  degree.  With  regard  to 
the  visnid  field  we  may  therefore  lay  down  this  mle,  that  it  has  as  many 
distinct  zones,  with  reference  to  the  perception  of  colors,  as  tbe  chro- 
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matio  sense  has  fDndameatoI  colore  or  differeob  kinds  of  peroeptive  ele- 
mentSf  and  tbat  tbe  differeat  degrees  of  incomplete  color-blindness  are  in 
the  inverse  ratio  to  the  dimension  of  the  visnal  field.  If  the  central  field 
is  limitud  to  a  airala  of  t<m  d«irr«eH  tfom  tbi  Sx«d  ptAnt,  fttl  (ba  roupwUv* 
oharacteriatics  of  color-blindness  are  nsually  fonnd  in  it,  sometimes 
vithin  even  a  narrower  range>  A  feeble  sense  of  color  manifests  itself  ia 
a  mncb  wider  central  field.  All  the  anomalies  that  can  be  discovered  in 
as  examination  of  the  visaal  field  might,  in  oonseqnence  of  the  method 
employed,  be  explained  by  a  dioiinntion  of  ezoitabilit;  as  well  aa  of  the 
number  of  the  elements.  The  intermediary  zone  of  the  normal  visnal  field 
or  belt  of  redhliDdness  has  an  especial  interest,  as  it  famishes  ns  with 
tbe  opportunity  of  seeing  with  onr  own  eyes  as  the  red-blind  sees,  and 
consequently  of  exactly  comprehending  his  abnormal  perception. 

According  to  the  theory,  we  see  only  yellow  and  blue  in  this  belt,  and  in 
conseqaence  we  admit  that  the  red-blind  not  only  call  yeilowand  blue  their 
principal  oolors,  but  moreoTcr  iee  them  exactly  as  the  normal  observer  does. 
This  hypothesis  cannot  assuredly  be  proved,  but  this  is  not  necessary,  aa 
the  explanation  Helmholts  has  given  of  the  designation  of  one  of  the 
principal  colore  of  the  red- blind  is  perfectly  satisfactory.    This  circum- 
stance, however,  has  given  rise,  amongst  otbera,  to  a  doubt  about  the 
TouDg-Helmboltz  theory,  and  to  another  theory  admitting  fonr  principal 
colors  to  tbe  normal  sense  of  colors,  yellow  being  classed  amongst  tbem. 
'  But  this  is  nselesa .    It  must  not  be  forgotten  that  colorless  light  as  well 
'  as  colored  light  are  sntijeotive  perceptions,  and  that  oompaHson  here  per* 
'  forma  an  important  part.    Ttaia  fact  is  snfiBciently  proved  by  the  pbe* 
'  nomena  of  contraata,  accidental  colore,  eto.    Whit6  Is  not  a  color ;  it  ia 
merely  a  general,  neutral  light,  and  is  therefore  produced  when  one  kind 
of  element  is  not  more  excited  than  another,  or  when  all  the  elements 
I   are  equally  excited. 

I  But  as  the  theory  obliges  ns  to  admit  tbat  the  excitaUon  of  the 
'  perceptive  elements  of  green  and  violet  may  la  certain  oases,  as  in 
the  inatanoe  of  the  red-blind,  supply  the  perception  of  white,  and 
not  blnEab  green,  andXhat  in  certain  oases,  aa  in  that  of  tbe  green-blind, 
the  excitation  of  the  perceptive  elements  of  red  and  violet  does  not  give 
porple,  but  white,  it  is  in  no  wise  contrary  to  the  theory  to  admit  that 
tbe  excitation  of  the  organ  perceiving  green  gives  the  perception  of 
yellow  in  cases  where  all  tbat  remains  moreover  of  the  system  of  colore 
is  the  complementary  color  of  yellow,  that  is  to  say,  blue.  The  excitation 
of  the  perceptive  organ  of  green  gives  the  perception  of  green  only 
on  tbe  retina  or  on  a  point  of  the  retina  which  also  contains  the  organ 
perceiving  red.  Bnt  this  is  not  the  place  for  further  developments  of 
thUi  theory. 

2.— OLASSIFIOATION  OF  THE  DIFFBBEIfT  Knn>B  OF  OOLOB-BUHDNESS. 

In  the  preceding  we  have-  indicated.  In  conformity  with  the  theory, 
the  different  forms  of  a  defective  sense  of  colore  to  which,  we  Uiink, 
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sboald  be  applied  tbenameof  color-bliodaesa,  and  wfaicfa,  owing  to  their 
natnre  tbeoretically,  most  be  considered  as  of  different  kinds.    Tbia 
division  will  beeanctioned  if  we  consider  therelationslu  wbioh  it  stands 
to  the  method  pnrsned  for  discovering  tbem,  and  wtaiob  is  based  on  the  . 
Young- Helmboltz  theory.    It  is  this  we  are  aboat  to  explain. 

We  classify  the  different  kinds  of  color-blindness  aoder  especial  heads, 
to  be  able  the  better  to  grasp  the  whole.  We  might  indeed  divide  this 
blinduess  into  congenital  and  acqab%d,  bnt  as  snob  a  division  has  reiisr. 
cnce  alone  to  the  mode  of  origin,  and  not  to  the  nature  of  tbis  blindness, 
and  affects  in  no  wise  the  manner  of  its  discovery,  it  has  no  practical 
importance  in  the  case  now  occnpying  oor  attention.  Besides,  onr 
division  relates,  as  does  oar  entire  memoir  on  this  sobjeot,  essentially  to 
congenital  color-blindness.    The  division  is  as  follows : 

I.  Total  color-blind  uess  {total  fargblindhet),  in  which  the  facnlty  of 
perceiving  colors  is  absolntely  wanting,  and  where  the  visual  sense  con- 
seqaently  can  only  perceive  the  difference  between  darkness  and  light, 
as  well  as  tbe  different  degrees  of  intensity  of  light. 

II.  Partial  color-blindness  (partitl  /(wgbltndA^],  in  which  the  fiicolty 
of  certain  perceptions  of  color,  bnt  not  of  all,  is  wanting.  It  is  subdivided 
into — 

1.  Complete  or  typical  color-jjiindness  {fuUttanSig  tft  tj/pisk  farff- 
bliHelhet)t  in  wbiob  one  of  tbe  three  ftindamental  sensationB,  one  of  the 
three  perceptive  organs  of  color  in  the  retina,  is  tranting,  and  in  which 
conseqnently  tbe  colored  visual  field  has  bnt  two  ranges.  This  group 
Inclades  three  kinds,  namely : 

(a)  Red-blindness  {red  bliitdhet). 
{b)  Green-blindness  {gr&n  bllndhet], 
(e)  Violet-blindness  {violett  blindket). 

2.  Incomplete  color-blindness  {ofuUstandig  /arghlindhet)f  where  one 
of  the  three  kinds  of  elements,  or  perhaps  all,  are  inferior  in  excitability 
or  in  numbers  to  those  of  the  normal  chromatic  sense.  Incomplete  color- 
blindness exhibits,  like  tbe  normal  sense,  three  zones  in  the  visnal  field, 
bat  is  distinguished  from  it  by  an  uonsnally  small  central  field.  Tbis 
gronp  inclades  the  Trbole  of  a  series  of  different  forms  and  degrees,  a 
part  of  which — the  superior  degrees,  which  might  be  called  incomplete  red- 
blindnest  aad  ijuomplete  green-blindnetB  (and  ijusomplete  violet-bUndnets) — . 
coostitates  tbe  transitions  to  tbe  coiTcsponding  kinds  of  complete ooIo^ 
blindness,  and  another  part  of  which— the  Inferior  degrees,  which  we  call 
a  feeble  eArotaatia  tenae — constitutes  tbe  transition  to  the  normal  sense 
of  colors. 

We  wilL  show  fnrtber  on  that  this  classification,  based  entirely  upon 
tbe  Young-Helmboltz  theory,  is  qnite  practical,  and  conformable  to 
experience.  We  know  no  classiQcation  which,  tbongb  distinguishing  ■ 
accurately  between  tbe  different  essential  forms  of  a  defective  sense  of 
colors,  draws  a  sorer,  more  decided,  and  more  practical  limit  between 
the  defective  sense  of  colors  and  the  normal  sense.         *   . 
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for  the  olasflificatton  of  tbediflferent  formB  of  tlie  defect!  re  sense  of  col- 
ore, regard  is  geoerallritaid  to  tbe  metliods  of  investigation,  aod  tfae  divi- 
Biou  is  governed  mncb  more  by  Ifaose  methods  tban  by  a  theory  of  the 
senso  of  oolori.  Bnt  In  every  oobb  it  Is  ftinnd  that  the  ulatsiflostlon  )at-  ' 
tcrly  in  use  leaves  room  for  mach  improvement,  either  because  some  of  tbe 
forma  of  defective  color'aenee  not  taken  into  accoant,  or,  on  tbe  otber 
band,  becaaee  even  some  cases  of  normal  obromatic  sense,  wanting  In  ex- 
ercise and  intelligence,  bave  been  classed  amongst  the  different  kinds 
of  defective  color-sense.  As  an  instance  of  tbe  first  kind,  Dr.  Stilltng's 
classification  sbonld  be  mentioned,  which  is  based  upon  the  theory  of  tbe 
fonr  primitive  colors,  complementary  two  by  two.  According  to  it,  there 
conld  be  bnt  two  kinds  of  color-blindness,  namely  :*'ri7t%ri((i&Itn(j&e("  and 
"  ffetbhlaKbUHdheit**  {green-redblindneit  and  that  of  blue-yellow).  With- 
out allowing  ourselves  to  criticise  the  theory  itself  here,  we  will  simply 
remark,  looking  at  It  practically,  that,  on  one  "side,  this  cUssificattoa 
draws  no  distinction  between  tbe  varioos  kinds  of  red-  and  green-blind- . 
ness,  Dr.  Stilling  classing  them  as  one,  and  that,  on  tbe  other  side,  the 
whole  series  of  forms  classed  by  ns  ander  the  bead  of  incomplete  color- 
blindness is  not  included  in  his  plan. 

As  an  example  of  a  classification  of  the  last  kind,  the  one  which  seems 
nniversal  In  France,  and  employed  by  Dr.  Favre  and  Dr.  FSris,  may  be 
cited.  It  is  reduced  nearly  to  this:  all  those  who  give  false  names  to 
the  primitive  colors  belong  to  one  class ;  those  who  are  only  mistaken 
in  tbe  shades,  but  not  in  the  principal  colors,  are  classed  ander  another; 
and,  finally,  those  who,  after  several  trials,  evince  some  hesitation  in  des- 
ignating colors,  form  a  third  class.  It  is  plain  that  this  classification 
gives  but  little  idea,  properly  speaking,  of  the  nature  of  the  different 
kinds,  and  that  tbe  third  class  most  inclnde  a  large  number  of  indivtd- 
uals  endowed  with  normal  sight)  bnt  who  have  been  mistaken  or  besi- 
tated  at  the  time  of  tfae  test,  in  consequence  of  want  of  exercise. 

3. — OOLOB-BLOtDHESS  IN  PBACTIOAL  LIFE. 

Volnmea  might  be  written  on  this  subject,  if  tbe  different  instances 
of  all  tbe  peculiarities  presented  by  color-blindness,  and  all  the  embar- 
rassment to  which  they  give  rise,  were  cited.  We  will  limit  onrselves 
to  a  few  facts  here,  closely  connected  with  onr  really  practical  end,  and' 
over  which  they  exert  a  direct  infioence.  To  avoid  being  prolix,  we 
will  merely  remark  that  in  alluding  to  color-blindness  in  general,  with- 
oat  naming  One  especial  kind  or  form,  we  usually  mean  tbe  ordinary 
typical  kinds  of  partial  and  congenital  color-blindness,  namely,  red  and 
green. 
Wo  mnst  first  remember  that  color-blindness  is  not  >s  dUeaae  in  the 
'  ^  sense  of  being  attended  with  saffering,  obliging  tbe  individnal  to  hare 
recoarse  to  a  physician.  Color-blindness,  .gnite  as  well  as  tbe  normal 
sight,  is  a  sense  of  color,  tbongh  of  another  and  a  more  simple  nature. 
He  whom  we  call  oolor.blind  is-  not  correctly  speaking  at  all  blind  to 


Cookie 


Eiplr 
aim 


Mi 


•Si, 


d  by  Google 


160 


COLOR-BLINDNESS   IN  ITS  BBLATION  TO 


colors.  He  perceiyes,  iD  the  mftin,  the  eame  kind  of  Ughfc  as  the  DonoBl 
obsflrver,  bat  sees  apart  of  it  in  another  manner.  In  the  sjatem  according 
to  which  he  arranges  his  colors,  he  has  fewer  hinds  than  the  normal  o^ 
server,  au4  this  la  vby  he  is  obliged  to  classify  nnder  the  same  denomina- 
tion a  portion  of  the  colors  classed  by  the  normal  observer  nnder  different 
beads.  It  results  from  this  that  he  finds  resemblances  between  colors  or 
confuses  others  that  the  normal  observer  finds  different ;  for  instance,  red 
and  green.  These  confusions  natarally  surprise  and  amnse  the  normal 
observer,  who  readily  imegines  that  it  arises  from  very  great  ignorance  of 
colors,  or  from  defective  training.  He  ordinarily  snpposes  that  there  is 
no  limit  to  the  mistakes  the  color-blind  might  make  in  this  respect.  Bnt 
each  is  not  the  case  ;  he  obeys  laws  qnite  as  exact  as  does  the  normal 
observer ;  a  color-blind  person  can  no  more  accustom  himself  to  seeing 
colors  as  the  normal  observer  does  than  the  red-blind  can  see  colors  in 
the  same  way  that  the  green-blind  does,  or  qonversely. 

This  theory,  which  is  based  npon  experience,  explains  to  ns  how  the 
color-blind  see  colors.  Bnt  if  we  only  base  oar  ideas  on  the  names 
given  to  colors  by  the  color-blind,  we  ean  be  easily  deceived.  To  jadge 
correctly  of  color-blindness,  and  the  varions  practical  qaestions  con- 
nected with  it,  it  is  of  the  highest  importance  to  distinctly  observe  the 
difference  between  the  manner  in  which  the  color-blind  person  mm  and 
the  manner  in  which  he  namet  colors.  The  sensation  is  based  npon  the 
nature  of  the  sense  of  color  in  the  orgaaisation  of  the  optio  nerve  fivm 
birth.  The  name,  oa  the  contrary,  is  learned ;  it  is  conventional ;  it  de- 
pends npon  exercise  and  habit.  The  names  of  colors  are  naturally  the 
objective  expression  of  snbjective  sensations ;  bat,  on  the  other  hand, 
they  are  regulated  by  the  system  of  normal  sight,  and  cannot  conse- 
quently agree  with  that  of  the  color-blind.  They  can,  nevertheless,  be 
learned  by  the  latter,  and  even  applied  correctly  in  many  oases.  There 
is  connected  with  this  fact  a  peculiarity  of  the  utmost  importance 
practically  to  the  question  in  point,  and  one  that  has  given  rise  to  the 
most  serious  embarrassments  and  misunderstandings.  This  has  been 
and  is  still  one  of  the  chief  causes  of  oar  erroneous  ideas  on  the  snttject 
of  color-blindness  existing  in  the  masses,  bccanse  it  is  the  veil  ander 
which  this  defect  nsually  conceals  itself  from  onr  observation  in  every-  , 
day  life,  and  nnder  which,  even  to  the  last  moment,  it  will  succeed  in  - 
escaping  discovery  in  cases  where,  as  frequently  happens,  the  methods 
of  exploration  employed  are  indecisive  or  are  based  npon  erroneous 
principles. 

If  we  refiect  on  the  condition  of  the  color-blind,  it  ia  difficult  to  ander- 
stand  how  he  can  avoid  being  detected  in  his  daily  intercourse  with 
men  endowed  with  normal  eight.  And  yet  experience  has  sufBciently 
controverted  this  Idea.  That  which  we  have  acquired  in  examining  m 
matse  the  personnel  of  a  railwaj',  for  example,  where  it  is  required  night 
and  day  to  give  attention  to  colored  signals,  is  singularly  worthy  of  notioe. 
We  learn  by  it  that  a  number  of  color-blind  were  discovered,  although 
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their  defective  sense  of  color  bad  never  been  suspected  by  themselves 
or  any  one  else,  and  tbe  miijority  had  correctly  performed  their  duties. 
Such  a  condition  of  things  farnisbea  us  with  food  for  reflection,  and  it  vill 
not  be  nointeresting  to  examine  some  of  the  peculiar  circumstances 
which  explain  it.  All  the  details  connected  with  the  sabject  cannot  be, 
of  course,  enumerated  here.  We  will  content  onr^lves  by  merely  indi- 
cating the  course  to  be  followed  to  obtain  this  explanation. 

Agreeably  to  the  property  of  our  senses  to  serve  as  sentries  before 
the  external  world,  we  interpret  the  information  they  give  us  in  a  partic- 
ular manner.  lu  fact,  we  do  not  consider  the  changes  that  take  place  in 
our, sensitive  apparatus,  of  which  alone,  however,  we  possess  any  im- 
mediate perception,  but  refer  everything  immediately  to  tbe  cause  that 
bas-provoked  it  (that  is  to  say,  to  the  external  objects),  and  we  attribute 
as  qualities  properly  belonging  to  them  what  in  truth  is  merely  a  pro- 
cess of  our  own  organs.  If  an  object  simply  reflects  certain  kinds  of 
rays  of  light  to  our  eye,  we  preceive  a  certain  corresponding  color,  red, 
for  example.  We  ascribe  this  perception  to  the  object  itself  as  an 
attribute,  and  we  say  it  is  red.  A  red  carpet  seen  by  daylight  is  and 
remains  red.  It  is  red  by  no  matter  what  kind  of  light.  It  is  red  even 
when  behind  our  backs  or  before  our  eyes  in  the  dark.  We  discard  the 
sensation  of  red,  which  belongs  to  our  opticnerve,  for  the  ^ualit^  of  red, 
which  we  ascribe  once  and  forever  to  the  carpet,  and  by  this  name  of 
red  we  supply  a  whole  definition,  which,  to  be  complete,  should  be  stated 
nearly  thus :  "  A  red  carpet  is  a  carpet  which,  by  the  ordinary  light  of 
day,  reflects  only  ethereal  waves  creating,  when  in  contact  with  the 
retina  of  a  uormal  eye,  the  perception  of  red,  but  absorbing,  per  contra, 
all  the  other  Inminous  waves."  It  is  owing  to  this  manner  of  imputing 
qualities  to  objects  that  the  name  Hack  has  been  admitted  amongst  tbe 
names  of  colors,  although  properly  sppakiug  it  would  dBsignate  tbe 
quality  of  absorbiug  all  light,  and  consequently  of  not  at  all  affecting 
our  eye.  Kow  the  tendency  to  employ  our  senses,  as  we  have  just  inci- 
dentally stated,  is  often  promoted  by  a  school  education  so  limited  and 
partial  that  the  immediate  impression  is  referred  to  the  external  object, 
and  the  faculty  of  observation  is  suppressed  to  give  place  to  descriptions 
and  to  names. 

As  color  is  an  immutable  quality  in  a  variety  of  objects  of  different 
colors,  it  is  not  very  difBcult  to  learn  their  names  by  heart.  The  direct 
impression  is  not  even  necessary.  We  may  hear  a  really  blind  mau, 
even  one  born  blind,  give  the  exact  names  to  colors  of  common  objects  of 
which  be  bus  often  heard.  To  the  color-blind  this  is  still  more  fasy,  as 
he  derives  some  assistance  from  his  incomplete  chromiitic  sense.  On  the 
other  hand,  it  must  be  comparatively  very  rare  to  meet  one  colorblind,  who 
influenced  as  Dalton  was  by  individual  interest  carries  his  reflections 
ou  colors  and  the  chromatic  sense  so  far  as  to  reach  tbe  point  of  discov- 
ering his  own  anomaly.  Amongst  the  colorblind  discovered  by  us, 
11  s 


■  Google 


1*>2  COLOB- BLINDNESS   IN  ITS  RELATION    TO 

wbile  directing  our  researches  especially  to  tbis  point,  not  a  few  have 
been  painters  and  tailors. 

But  sach  disregard  t«  the  subject  of  colois  is  no  longer  permitted  ia 
occnpatioDS  where  colored  signals  are  employed  and  where  haman  life 
may  depend  npon  the  iaaaDer4a  which  the  signal  is  or  is  not  anderstood, 
as  on  railways  and  at  sea. 

A  great  namber  of  color-blind  are  to  be  found  employed  in  almost 
every  position  on  railways,  withoot  the  defect  in  their  chromatic  sense 
being  snspected  by  themselves  or  others.  Xay,  more,  a  namber  of  them, 
far  from  being  willing  to  acknowledge,  even  after  the  examination,  the 
existence  of  sncfa  a  defect,  urgently  demand  a  new  trial,  even  six  or 
seven,  offering  all  kinds  of  pretexts  to  acconnt  for  their  repeated  failures. 
They  all  agree  in  declaring  that  they  have  excellent  sight;  that  they 
have  never  had  the  least  difficulty  in  distinguishing  signals,  thongh  they 
have  been  employed  for  a  long  time  and  iu  the  most  important  positions, 
that  for  instance  of  engineer,  and  had  never  made  the  slightest  mistake; 
that  the  engineer  ia  never  the  only  one  whose  duty  it  is  to  watch  the 
signals.  He  has  always  near  him  a  fireman,  and  in  his  neighborhood 
an  assistant  engineer,  a  greaser,  etc.,  who  come  to  his  aid  at  critical 
moments.  That  most  be  a  very  rare  case  where  all  the  officials  are 
affected  with  color-blindness. 

Looking  practically  at  the  fact  mentioned  and  the  explanation  given, 
it  might  be  imagined  probably  that  color-blindness,  although  a  subject 
of  scientific  interest,  coald  not  possess  any  possible  practical  interest. 
At  least,  it  might  be  believed  that  all  the  stir  which  has  been  maJe  in 
our  country  about  color-blindness  amongst  rail  way  employes  was  founded 
upon  nothing  real.  Since  it  is  proved  (it  may  perhaps  lie  arged)  that  the 
color-blind  have;  long  been  employed  on  railways  and  the  defect  never 
remarked,  withont  any  accident  or  even  inconvenience  resulting  from 
it,  and  finally  since  they  can  really  learn  to  distinguish  signals,  although 
otherwise  than  by  co'iors,  their  kind  of  blindness  should  not  legitimately 
give  rise  to  any  preventive  measures  whatsoever.  And  doubtless  a 
great  many  still  reason  iu  this  manner. 

We  will  not  dwell  here  upon  what  experience  has  or  has  not  proved 
with  regard  to  this  in  our  country.  The  fact  is  certain  that  color-blind- 
ness  in  other  countries  has  caused  numerous  and  serious  accidents.  And 
even  though  experience  should  not  have  proved  it  in  an  absolute  manner, 
it  would  not  be  the  less  evident  that  in  such  cases  do  one  has  the  right 
to  await  a  new  experience  of  this  kind  before  proceeding  from  words 
to  acts,  inasmuch  as  it  can  be  demonstrated  that,  in  spite  of  the  many 
circumstances  aiding  the  colorblind  to  obey  signals,  all  danger  is  not 
Averted,  and  uncertainty  still  remains.  Now,  this  is  not  difficult  to 
prove,  for  neither  the  fact  that  color-blind  individuals  have  been  long 
employed  on  railways  without  causing  accidents,  or  without  the  discov- 
ery of  the  defect,  nor  the  circumstances  we  have  cit«d  to  explain  tbis 
fact,  furnish  the  slightest  ground  for  security. 
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A  color-blind  individual  of  tbe  typical  kinds  cannot  distiugnlsh  red 
from  greea.  Tliis  is  au  undoubted  fact,  easily  explained  by  theory  and 
adequately  proved  by  experience.  All  that  he  asserts  about  differences 
between  these  colors  is  founded  coQseqnently  upon  conjecture.  Bnt  this 
manner  of  perceiving  signals  is  attended  by  great  nncertainty,  and  he 
wlio  guesses  correctly  iu  this  manner  in  a  certain  number  of  special 
cases  must  infallibly  guess  wrong  in  some  cases.  This  is  a  principle 
whicli  does  not  rest  on  a  theory,  but  which  has  been  confirmed  by  onr 
experience  witbont  an  exception  in  an  oxamiuation  of  more  than  two 
hundred  color-blind  persons,  and  its  evidence  could  be  extended  far 
beyond  the  limits  to  which  we  are  confined  here,  or,  in  other  words,  to 
tbe  majority  of  the  cases  of  incomplete  color-bliuduess. 

If  a  small  amount  of  soot,  smoke,  vapor,  ice,  snow,  etc.,  adhere  to  the 
glass,  the  lantern  shines  less  brightly.  A  lantern  shines  differently  in 
clear  or  foggy  weather,  etc.  All  this  may  give  rise  to  mistakes.  But, 
on  the  other  hand,  the  sensibility  of  the  eye  is  very  different  according 
to  circumstances.  The  nervous  organ  of  the  eye  may,  like  every  other 
part  of  the  system,  vary  extremely  in  sensibility.  Tlie  same  light  is  to 
tbe  sound  and  rested  eye  stronger  than  to  the  weak  and  tired  eye,  etc. 
But  every  modification  of  iuteusity  of  light  is  equivalent,  to  the  color- 
Itlind,  to  a  change  of  color.  All  this  proves  how  little  reliance  can  be 
placed  upon  the  knowledge  of  signals  acquired  by  the  color-blind  by 
practice. 

III.— EEFOKMS  EELATING  TO  COLOE-BLINDNBSS. 

As  we  have  shown  already,  the  tendency  of  colorblindness  to  conceal 
itself  wheresoever  it  occurs,  in  all  classes  of  society,  especially  in  the  lower, 
may  be  regarded  as  one  of  its  most  remarkable  peculiarities.  It  is 
necessary  to  add  still  another  circumstance :  one  whose  color-blindness 
has  been  disclosed,  and  who  is  thus  himaelf  made'Aware  of  Lis  defect, 
and  who  has  been,  as  is  so  commonly  the  case,  a  subject  uf  ridicnls 
to  bis  acquaintances,  is  generally  more  than  ever  eager  to  coDoeal  his 
infirmity.  Tbe  result  of  this  is,  in  spite  of  all  that  haa  been  written  on 
color-blindness,  this  affection  of  the  sight,  far  from  being  recognized 
as  a  fact  belonging  to  every -day  life,  has  been  aqd  still  is  ccnwdered  by 
tbe  public  as  a  legend  about  which  anything  desired  conld  be  believed. 
Tbe  idea,  at  least,  usually  formed  with  regard  to  its  frequency  and  prac- 
tical importance,  is  far  from  corresponding  with  the  reality.  It  is  diffi- 
cult to  accustom  one's  self  to  the  idea  of  the  necessity  of  refusing  to 
a  number  of  persons  admission  to  a  career  which  would  afford  them 
means  of  subsistence,  and,  what  is  worse,  to  discharge  from  their  present 
position  those  who  have  performed  their  duties  in  an  irreproachable 
mannei,  and  which  have  been  to  them  and  their  families  a  legitimate 
scarce  of  income. 

Prompted  by  a  jnst  regard  for  the  good  of  man,  it  is  asked  whether 
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the  difflcolty  Id  distingaisUing  colors  experienced  by  certaiu  iudividiials 
may  be  corrected  by  exerciae.  And  if  tbis  ia  uot  possible,  it  is  uatoral 
to  conclade  that  more  regard  is  due  to  tlie  meo  tbao  to  a  particular  kind 
of  sigoals,  eiDce  the  latter  is  not  absolately  esseutial,  and  coDSequently 
may  be  changed  if  not  adapted  to  the  employ^. 

1.— IKSTEUCTION  AND   BXEECIBE   OP   THE   PEB80MNBL   IH   EBCOGHIZ- 
INQ  OOLOKS. 

The  iiuportanoe  of  the  habitual  exercise  of  our  senses  generally  sboald 
not  be  nnderrated.  Aa  we  are  born  with  naturally  sound  organs  Of  loco- 
motion, and  yet  require  to  be  tanght  to  walk,  so  it  is  necessary  to  learn 
to  nse  our  organs  of  sense;  and  when  experience  shows  ua  that  many 
original  defects  of  our  organs  of  locomotion  can  be  remedied  aa  well  as 
those  of  oar  visual  organs,  we  readily  conceive  the  idea  that  this  ia  also 
possible  with  color-blindness.  If  it  were  the  caae,  this  would  be,  without 
donbt,  the  most  radical  means  possible  for  protecting  railway  lines,  with- 
out the  necessity  of  displacing  a  single  employ^. 

To  avoid  all  miannderstanding,  we  mnst  dwell  npon  the  difference  that 
we  have  mentioned  between  the  genuine  peret^tion  of  the  color-blind 
and  the  name  he  gives  to  the  color  of  the  objects.  We  have  already  seen 
that  a  true  name  may  often  be  united  to  a  false  perception,  but  it  is  evi- 
dent, also,  that  just  as  the  perception  is  anomalous,  or  merely  uncertain, 
the  name  mnst  also  be  uncertain,  as  it  is  simply  a  conjecture.  We  do 
not  here  allude  to  that  acquired  color-blindness  which,  casually  occur- 
ring, might  also  disappear,  but  to  congenital  color-blindness,  let  it  be 
nnderstood. 

We  will  endeavor  to  give  some  account  here  of  what  experience  has 
fnmiahed  on  this  aubject,  and  first  of  all  we  will  try  to  diacover  upon 
what  gronnds  it  is  claimed  tliat  color-bliuduest)  can  be  cared. 

An  effort  has  been  made  to  derive  one  indication  of  this  from  the  fact 
that  amongst  the  Dnmerons  instances  of  color-blindness  that  have  been 
discovered  and  mentioned  by  different  writers  since  Huddart,  there  are 
many  more  amongst  meu  than  women.  It  is  concluded  from  this,  in  the 
first  place,  that  color-blindneasia  much  more  common  amongst  men  than 
women,  and  from  this  statistical  fact,  added  to  the  undoubted  exi>6rieuce 
that  womea  have  more  to  do  with  colors  from  tUeir  very  infancy  than 
men,  from  the  nature  of  their  clothing,  etc.,  another  inference  is  reached, 
namely,  that  exercise  assists  in  diminishing  and  counteractiag  color- 
blindness. All  this  may  be  true,  but  the  argument  fnils  in  mure  than 
one  particular.  In  the  first  place,  it  has  not  been  at  all  proved,  wo  think, 
that  color-blindness  is  less  common  among  women  Ihiin  men.  The 
majority  of  the  cases  of  color-blindness  described  by  writers  have  been 
accidentally  discovered,  that  is  to  say,  without  any  special  examination. 
If  we  observe,  first  of  all,  that  these  are  probably  the  mnst  marked  cases 
of  coIor-blindnesH,  and  also  that  they  are  usually  uot  persons  who  have 
much  to  do  with  colors  (as  these  eaaily  conceal  their  detect),  it  will  be 


ACCIDENTS  BT  BAIL  AHD   SEA.  165 

readily  nnderstood  wby  the  female  sex  bas  furoished  so  small  a  propoitioD 
to  statistics.  Agaia,  io  cases  where  experlmenfa  are  made  to  discover 
color-blindness,  it  is  evidently  much  easier  to  find  opportonitles  to  ex- 
amine men  than  women.  For  the  most  part,  those  examined  are  soldiers, 
students,  agents  of  police,  etc.,  it  being  difScalt  to  find  equal  oppor- 
tnnities  for  examining  women  en  masse.  It  is  necessary  to  operate  ou 
a  large  number  to  obtain  very  satisfactory  statistica.  The  data  we  pos- 
sess are  furnished  mainly  by  experiments  among  men.  This  is  why  we 
venture  to  dispute  what  is  nsnally  admitted  as  a  certain  fact,  that  color- 
blindness is  more  common  among  men  than  women,  the  necessary  infor- 
mation l>eing  so  far  wanting  to  establish  such  a  fact.  We  must  not 
overlook  the  testimony  of  Frof.  H.  Dor  on  this  subject,  who  examined 
the  very  considerable  unmber  of  611  women  at  Berlin,  amongst  whom  he 
found  only  five  color-blind,  or  little  leas,  therefore,  than  I  per  cent.,  or 
exactly  0.82  per  cent  We  do  not  desire  in  the  least  to  deny  the  possi- 
bility that  color-blindness  amongst  women  is  less  common ;  on  the  con- 
trary, we  think  it  even  probable  that  this  may  be  the  case. 

In  using  the  statistics  of  the  experiments  thus  far  made  on  women,  it  is 
important  to  observe  carefully  whether  the  method  of  scrutiny  has  been 
BQch  that  previons  exercise  has  not  had  some  effect  upon  the  result.  For 
if  the  method  is  founded  upon  the  principle  that  those  examined  mast  be 
interrogated  as  to  the  names  of  the  colored  objects  presented  to  them, 
and  tbeir  chromatic  sense  judged  according  to  the  answer,  it  is  clear 
that  the  proportion  of  failures  will  be  relatively  less  amongst  women  than 
men,  as  they  have  much  more  practice.  We  are  not  certain  that  this 
may  not  be  the  explanation  of  tbe  result  thm  for  obtained. 

For  a  number  of  years,  Dr.  Favre  devote  himadf  to  the  atoAy  of  color- 
blindness amongst  railway  employ^Sy  aud  succeeded  in  introdncing 
reformatory  measures  on  several  railways  in  France.  This  circumstance, 
and  the  manner,  also,  in  which  be  has  treated  this  subject  from  several 
points  of  view,  are  more  worthy  of  attention,  since  he  has  boldly  im)- 
Qonnced  in  favor  of  tbe  curability  of  color-blU>dneS8  by  exercise,  aud 
urged  measures  founded  upon  this  principle.  'We  will  give  his  result 
in  the  author's  own  words: 

"Out  of  one  hundred  and  forty-six  scholars,  frtWi  seven  to  sixteen 
years  of  age,  belonging  to  two  schools,  one  hundred  ^njid  eleven  named 
the  natural  colors  without  error  or  hesitation;  thirty-five  made  mistakes 
in  dififerent  degrees;  twelve  made  serious  mistakes  with  regard  to  aev- 
'  eral  colors ;  the  errors  of  the  others  were  with  regard  to  orange,  blue, 
or  violet ;  some  were  mistaken  about  all  these  three  colors,  others  about 
two,  and  some  only  about  violet.  These  thirty-five  children  were  sub- 
jected by  their  instructors  to  repeated  methodical  exercises  according 
to  tbe  directions  I  had  given  them.  One  of  the  teachers  cured  all  his 
defective  pupils ;  the  duration  of  the  treatment  varying  from  two  weeks 
to  six  mouths.  The  other  teacher  had  on  the  2d  of  April  of  this  year 
only  two  patients  out  of  eleven  nncnred." 
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In  an  additional  note,  be  aMa:  "This  account  of  the  treatmeaiof 
color-blindness  mast  be  brief  on  acconnt  of  the  object  for  ■which  it  Is  in- 
tended }  bat  it  may  be  necessary  to  set  forth  in  a  few  words  the  process 
in  Qse  in  scliools.  I  have  simplified  it  as  much  as  possible.  The  chief 
point  was  to  bare  the  colors  coireHpondiug  with  those  of  the  solar  spec- 
tram,  that  is,  those  generally  designated  by  the  names  of  violet,  indigo, 
hlue,  green,  yellotc,  orange,  and  red.  The  scale  of  colored  wools  tbat  I 
presented  in  large  quantities  to  managers  and  agents  of  railways,  to  my 
colleagaes,  to  several  teachers,  male  and  female,  and  to  individnals  under 
treatment,  was  thas  arranged:  five  packages  were  composed  of  three 
shades  each — three  shades  of  red;  three  of  yellow,  including  orange;  three 
ot  green;  three  of  &Iue,  including  indtjio;  three  of  violet;  and  besides  one 
package  of  white  and  one  of  black  wool.  The  children  are  summoned 
oae  after  the  other,  and  separately  interrogated.  The  examination  of 
those  who  are  without  this  defect,  and  are  well  trained,  is  soon  made. 
Those  who  hesitate  or  trip  should  be  treated  with  great  indulgence,  and 
set  straight,  if  I  may  so  express  it,  and  if  their  errors  are  not  easily  cor- 
rected, their  answers  are  accnrately  noted  down.  The  master  then,  in 
another  lesson,  shows  and  names  the  colors  to  the  children,  and  makes 
them  repeat  with  him.  It  is  important  not  to  make  the  inexpert  pupil 
an  object  of  ridicule  or  even  of  attention  to  his  companions.  The 
lesson  should  he  repeated  every  three  or  four  days  until  he  is  quite  cer- 
tain that  the  idea  of  colors  is  well  established.  The  training  is  com- 
pleted by  making  them  name  the  color  of  the  various  objects  -within 
reach  of  tbemaster;  flowers,  fabrics,  geographical  maps,  etc.  Ourpupils 
will  not  be  able  to  distinguish  the  14,420  tints  established  by  M. 
Chevreul,  but  they  will  have  acquired  the  indispensable  mimimum ;  they 
will  know  the  a,  b,  c,  of  the  science  of  colors." 

What  we  have  just  quoted  cannot  essentially  change  the  view  we 
have  adopted  and  described  in  the  preceding  pages.  To  demonstrate 
■  the  curability  of  color-blindness,  it  is  indispensable  to  prove,  first,  that 
the  treatment  is  applied  to  those  whose  deficiency  has  been  duly  estab- 
lished, and,  in  the  second  place,  that  these  same  at  the  end  of  the  treat- 
ment have  a  normal  chromatic  sense,  or  at  least  are  not  color-blind. 

Dr.  Favre's  pamphlet  does  not  famish  ns  on  these  points  with  sufficient 
evidence.  We  cannot,  from  our  point  of  view,  have  much  confidence 
in  the  method  of  investigation  employed  by  Dr.  Favre.  It  is  not  only 
possible,  but  even  extremely  probable,  that  ignorance  and  a  want  of  prac- 
tice might  pass  for  color-blindness,  and  especially  as  the  examination  is 
that  of  children.  That  there  were  among  the  individuals  under  Dr. 
Favre's  treatment  some  cases  of  genuine  color-blindness  would  appear 
from  the  fact  that  two  children,  a  year  after  beginning  the  training,  had 
not  succeeded  in  learning  the  task  imposed,  which  nevertheless  does 
not  seem  to  present  insurmountable  difficnities,  even  in  instances  of  per- 
sons really  color-blind. 

In  brief,  without  attempting  to  deny  the  curability  of  color-blindness 
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theoretically  or  practically,  we  maintain  that  not  one  positive  proof  of  it 
has  so  far  been  prodaced. 

It  is  a  significant  fact  that  individuals  who  have  themselves  discov- 
ered their  own  chromatic  blindness,  and  have  been  very  much  interested 
Id  it,  having  reflected  and  experimented,  and  consequently  exercised 
themselves  much  in  colors,  have  nevertheless  retained  their  anomaloas 
perception,  snch  as  it  was  in  the  beginning,  for  many  years,  indeed,  as 
long  as  they  lived.  Such  was  the  case  with  Harris,  who  himself  discov- 
ered hia  defect  at  the  age  of  four  years,  and  studied  it  with  much  inter- 
est, bat  never  succeeded  in  correcting  it.  Milne  was  found  by  Wilson  to 
be  as  eolor-blind  at  Edinburgh  in  1864  as  be  was  thirty  years  before, 
when  Combe  examined  him.    Such  was  also  the  case  with  Frofeesor 

N ,  examined  twenty  years  before  by  Sir  David  Brewster.    But 

BQOb  was  especially  Dalton's  case,  who  has  thrown  much  light  upon 
the  subject.  No  one  will  deny  that  if  exercise  in  colors  can  cure  chro- 
matic blindness,  Balton  would  have  been  cured,  and  yet  it  must  be  ac- 
knowledged that  at  the  meeting  of  the  British  Association  at  Oxford 
in  1832  he  then  compared  a  scarlet  red  to  the  leaves  of  trees,  proving  him 
to  be  as  colorblind  as  in  1792,  the  date  of  the  discovery  of  his  color- 
blindness, and  as  far  as  his  friends  conld  observe  he  continued  so  to 
the  end  of  his  life  (1844). 

The  history  of  science  tells  us  of  cases  of  persons  completely  blind  who 
can  easily  and  correctly  distinguish  wool  of  different  colors  by  means  of 
other  senses,  smell,  taste,  or  touch.  The  power  of  touch  in  this  case 
deserves  especial  attention,  as  it  is  exactly  adapted  to  the  kind  of  quali- 
ties now  interesting  us.  The  close  connection  between  touch  and  sight 
in  determining  whether  an  object  is  smooth,  rough,  etc.,  is  well  kaown. 
The  assistance  which  these  two  senses  render  each  other  in  a  gen- 
eral appreciation  of  everything  in  space  is  not  less  well  known.. 
These  are  the  very  qualities,  beyond  any  doubts  l^at  the  color-blind  call 
to  their  aid  to  supply  the  place  of  colors.  Tfiis  is  why  many  color-blind 
are  seen  placing  the  samples  of  wool  in  different  lights,  bringing  them 
quite  close  to  the  eye  and  in  different  angles  to  the  visual  axis.  But 
we  have  heard  many  color-blind,  who  knew  the  difference  between  red 
and  green,  or  purple  and  green,  frankly  acknowledge  that  they  only 
recognized  them  because  one  colored  wool  was  coarser,  harsher,  or 
rougher  than  the  other.  Consequently  it  is  not  the  color,  that  is,  the 
quality  of  the  reflected  light,  but  the  coloring  matter  aud  its  peculiar 
effects  upon  the  wool,  which  were  to  them  the  distinguishing  features. 
As  the  result  of  our  investigation  we  can  state  that  exercise  is  certainly 
not  without  value,  but  is  more  useful  in  other  respects  than  in  curing 
color-blindness,  or  in  removing  the  causes  of  the  mistaltes  made  by  the 
color-blind  with  regard  to  the  colors  of  signals.  We  maintain,  therefore, 
that  not  one  case  has  been  sufficieutly  established  to  prove  that  a  genuine 
case  of  color-blindness  has  ever  been  cured  by  exercise. 

But  it  in  no  wise  follows,  we  repeat,  that  we  deny  the  possibility  of 
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improvement  in  cases  where  the  correspondiog  organs  are  not  wanting, 
but  are  simply  deficient  in  sensibility.  Moreover,  we  are  very  mocb  ia- 
debted  to  Dr.  Tavre  for  having  interested  himself  in  the  qnestion  of  the 
treatment  of  congenital  color  blindness,  and  also  for  having  nndertaken 
the  work  of  applying  this  treatment.  If  this  idea  is  generally  admitted, 
it  will,  without  any  doabt,  produce  excellent  fruits,  among  others  that 
of  introdnciug  examinations  into  schools,  so  that  color-blindness  will  be 
discovered  in  time  to  be  cnred,  if  that  is  really  possibte,  or  if  not,  that  its 
SDbjects  may  be  enabled  to  cboose  a  career  in  which  their  inUrmity  will 
not  be  attended  by  inconvenience  or  danger.  This  is,  moreover,  the  only 
means  by  which  we  can  reach  a  perfectly  decisive  answer  to  the  extremely 
important  question,  whether  or  to  what  degree  colorblindness  may  be 
improved  or  cured.  But  it  is  also  evident  that  the  more  important  the 
answer  to  this  question,  practically,  the  moro  does  its  solntion  reqaire 
critical  methods  and  rigid  investigation  and  control  in  order  that  wheD 
the  answer  is  once  obtained  no  donbt  may  be  cast  upon  its  accoracy. 

On  the  other  hand,  we  oppose  in  the  most  positive  manner  every 
measure  relating  to  railway  ofBcials,  sailors,  etc.,  founded  npon  the  idea 
of  the  cnrability  of  color-blindness,  until  this  qnestiou  has  been  perfectly 
established  by  an  affirmative  answer.  It  is  evident  that  otherwise  not 
only  is  the  danger  of  employing  the- color-blind  on  railways,  etc.,  uot 
diminished,  but  also  that  the  introduction  of  a  radical  reform  in  this 
matter  is  impeded.  When  Dr.  Tavre  requests  Ihat  the  personnel  on 
railways  and  in  the  navy,  etc.,  be  exercised  in  distingniehing  oolors, 
this  demand,  favorably  received,  can  only  lead  to  the  admission  of  the 
color-blind  to  the  positions  in  qnestion  ;  and  then  under  the  assarance 
that  their  congenital  defect  may  be  cured,  they  are  watched  over  ontil 
they  acquire  the  necessary  amonnt  of  training.  According  to  oar  opinion, 
such  a  measure  is  positively  dangerous,  because  it  merely  lulls  the 
authorities  with  the  belief  that  the  color-blind  can  canse  no  accident, 
while  in  reality  their  defect  is  exactly  where  it  was  before,  and,  owing 
to  the  exercise,  has  only  become  more  difficult  to  detect,  if  for  this  pur- 
pose a  defective  method  is  adopted.  From  this  point  of  view  it  is 
apparent  that  exercise,  far  from  removing  the  danger,  only  increases  it. 
It  may  bo  answered  indeed  that,  owing  to  exercise,  the  colorblind  will 
less  frequently  confonnd  the  signals  than  they  will  without  exercise,  and 
this  we  willingly  grant.  But,  on  the  other  side,  it  is  evident  there  sbonld 
be  no  question  here  of  an  alleviation,  but  of  a  radical  correction.  The 
danger  of  employing  the  color-blind  on  railways  or  at  sea  once  well 
established,  it  is  necessary,  it  Eeems  to  ns,  to  take  measures  for  com- 
pletely removing  the  danger,  if  possible.  "  If  comparative  security  can 
satisfy,  tro  already  have  it,  either  from  the  fact  that  all  the  officials  cannot 
be  color-blind,  or  that  the  majority  of  such  do  not  usually  cause  accidents. 
But  it  is  precisely  the  desire  to  save  the  communications  from  this  state 
of  uncertainty  that  has  inspired  us  with  the  idea  of  taking  measures 
against  it,  and  we  believe  that  we  have  proved  by  what  we  have  said  that 
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any  reform  that  can  be  introduced  at  present  in  this  matter  shoald  be 
estAblished  jast  as  if  it  were  already  decisively  proved  that  color-blind- 
ness  is  incarable.  It  is  therefore  this  hypothesis  tb»t  we  iotend  to  apply 
in  what  follows. 

2, — MODIFICATION  OP  THE  SIGNAL  SYSTEM. 

(a)  (Wfter  colors  for  signals. — If  congenital  color-blindness  is  incurable, 
or  at  least  if  we  know  no  actual  remedy  for  it,  it  is  necessary  to  devise 
some  other  method  (while  retaining  the  color-blind  in  the  employment 
of  railways)  of  guaranteeing  the  commanications  against  any  mistakes 
they  might  commit  with  regard  to  signals.  It  is  seen  by  what  precedes 
that  these  errors  can  and  mast  occar  in  the  nse  of  the  signal  colors 
generally  aiopted,  red,  green  (and  yellow).  This  choice  seems  there- 
fore unfortunate.  Wilson  Is  of  the  same  opinion.  When  red  and  green 
color-blindness  arc  the  kinds  of  complete  or  typical  partial  blindness 
which  are  most  generally  seen,  it  would  seem  that  the  difflcnlty  might 
be  considerably  diminished,  if,  in  place  of  osiog  the  actual  colors,  those 
should  be  sheeted  best  suited  to  these  kinds  of  color-blindness,  although 
they  might  not  suit  the  third  kind  of  typical  partial  color-blindness  or 
violet-blindness,  which,  according  to  the  experience  acquired  up  to  the 
present  time,  is  much  more  uncommon. 

Undoubtedly,  the  principle  wehaveendeavored  to  establish  would  not  be 
radically  enforced,  but  the  practical  result  at  least  would  be  comparatively 
nearly  accomplished.  As  the  color-blind  has  but  two  principal  colors,  or 
two  classes  to  which  he  can  referall  the  colors,  it  is  evident  that  to  select 
two  colors  that  he  can  recognize  and  distinguish  without  the  least  hesita- 
tion, it  would  be  necessary  to  seleetone  from  each  class.  Iivtfais  way,  it  is 
always  possible  to  bear  in  mind  that  each  kind  of  color-blindness  will 
always  be  able  to  find  two  colors  distinctly  deflnedibut  not  more  than  two. 
It  is  therefore  necessary  first  to  ask  how  far  two  colors  for  signals  could 
satisfy  the  demands  of  railways  and  the  navy.  As  regards  railways, 
it  is  claimed,  and  iC  may  be  conceded,  that,  in  esse  of  necessity,  and 
perhaps  without  too  great  inconvenience,  two  colors  might  be  made 
to  answer.  It  is  certain  that  three  colors  are  a  great  improvement 
upon  two.  Let  ns  admit,  however,  that  two  colors  would  answer,  and 
that  it  were  desired  to  sacrifice  the  advantage  of  three  colors  for  an- 
other advantage,  namely,  that  of  retaining  in  the  service  of  railways  the 
color-blind,  there  will  still  remain  the  necessity  of  making  a  good  selec- 
tion of  these  two  colors.  This  is  more  easily  said  than  done.  The  choice 
mnst  be  so  made  that  one  color  may  be  selected  from  each  of  the  two 
groups  in  which  all  the  colors  are  classed  according  to  the  system  for  the 
color-blind.  Nov,  it  is  found,  as  we  have  already  seen  in  tbe  instances 
of  the  principal  colors  of  the  red  and  green  blind,  that,  amongst  the  seven 
colors  of  the  rainbow  perceptible  to  the  normal  observer,  four,  namely, 
red,  orange,  yellow,  and  green,  belong  to  one  class,  and  three,  especially 
blue,  indigo,  and  violet,  to  the  second.    Consequently,  one  of  tbe  colors 
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mast  be  red,  orange,  yellow,  or  green,  and  the  other  bine,  indigo,  or  violet. 
It  Bhonld  very  natarally  be  onr  object  to  give  the  preference  in  the 
selection  to  the  colors  which  most  strongly  affect  the  eye  at  the  time  of 
the  conipansoD.  S'ow,  the  most  intense  colors  of  the  spectrnm,  that  is 
to  say,  the  most  vivid  colors  which  enter  into  the  white  light  of  the  Bun, 
are  yellow  and  blue,  one  of  each  of  the  two  gronpa.  We  then  select  them, 
the  more  willingly,  that  the  light  of  the  lantern  is,  witboat  any  prepara- 
tion, and  to  a  very  high  degree,  yellow,  thoueh  it  is  not  homogeneoos. 
But  we  are  far  from  being  so  fortnnate  with  regard  to  blae.  We  here 
encounter  a  difficulty,  on  the  contrary,  which  induces  us  to  donbt 
whether  a  change  of  colors  will  accomplish  the  desired  end. 

On  all  colored  surfaces — flags,  paintings,  semaphores,  etc. — employed  , 
by  railways  to  reflect  during  the  day  the  sunlight  or  daylight,  the  pro- 
posed colors  answer  perfectly  without  any  doubt,  and,iu  all  probability,  no 
color-blind  individual  of  the  kinds  specified  would  nominally  make  mis- 
takes of  judgment.  But  the  uigbt-siguals  are  quite  another  matter,  and 
are  by  far  more  important  for  many  reasons.  This  is  therefore  why  we 
prefer  to  attach  here  so  much  importance  to  them,  as  during  the  day  a 
multitude  of  different  circumstances  might  give  warning  of  danger, 
while  during  the  night  the  colored  light  is  the  only  signal  which  indi- 
cates it. 

The  colored  lights  used  for  night-signals  are  made,  as  all  know,  by  plac- 
ing colored  glass  before  the  flame  of  a  lantern.  The  use  of  Bengal  lights 
as  regular  signals  could  scarcely  be  introduced  into  practice.  Kow,  a 
colored  glass  produces  a  colored  light,  because,  of  all  the  kinds  of  light 
radiated  from  the  flame,  bnt  one  kind  (or,  at  least,  mainly  one  kind)  is 
allowe<l  to  escape,  while  all  the  others,  or  a  greater  part  of  the  others, 
are  absorbed  by  the  glass.  Thus,  blue  glass,  according  to  its  thickness 
or  degree  of  coloring,  absorbs  all  the  other  kinds  of  light  emitted  by  the 
flame  of  the  lantern,  iillowing  only  the  blue  rays  to  escape.  Bnt,  an- 
fortuuately,  as  is  well  known  by  direct  experience,  the  flame  of  the  lan- 
tern emits  compaiutively  but  a  small  amount  of  bine  light  when  rape- 
seed  oil  and  photogeue,  or  generally  any  of  our  ordinary  sources  of 
artificial  light,  are  employed  ;  and  this  is  why  all  appear  yellow  or  red 
when  compared  with  the  light  of  day.  Under  such  circumstances,  blue 
glass  can  naturally  transmit  only  a  small  amount  of  blue  light ;  and  the 
light  of  a  blue  lantern  must  consequently  always  be  very  feebly  lami- 
nous. 

WLat  we  have  just  said  of  blue  applies  equally  to  indigo  and  violet. 
The  proposed  changes  of  the  colors  of  signals  furnishes,  therefore, 
bnt  two  colors  in  place  of  three;  and  then  one  is  a  very  feeble  light, 
so  that  it  is  difficult  to  see  it  far  off  so  long  as  it  is  sufBcienily  colored. 
This  state  of  things  scarcely  holds  out  much  inducement  to  introdnce  a 
reform  of  this  nature.  And  it  se^ms  the  more  dangerous  that  this  change 
of  colors  in  the  signals  would  cause  those  with  normal  sight  amongst  the 
personnel  to  run  the  same  risk  that  the  really  color-blind  do ;  I  mean  that 
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tbey  would  be  forced  to  distinguish  and  judge  tbe  uight-signals  alone 
by  the  intensity  of  the  light. 

Tbe  resalt  of  all  that  we  have  just  said  is,  it  aeems  to  ns,  that  tbe 
proposed  change  of  the  signal  colors  is  not  very  practical,  and  such 
woaldbethecase  with  any  other  choice  of  two  colors.  It  must  at  least  be 
conceded  that  the  new  signal  colors  would  be  to  every  normal  observer 
worse  than  those  now  in  use  with  aa,  as  with  nearly  all  nations;  in 
brief,  if  tbey  were  adopted,  it  would  diminish  the  public  safety.  We 
must  add  that,  by  adopting  them,  tbe  principle  we  have  explained 
is  not  tabeo  into  consideration,  according  to  which  it  is  necessary  to 
nse  a  system  of  signals  adapted  to  all  kinds  of  color-blindness,  since 
the  violet-blind  are  not  able  to  distinguish  between  yellow  and  blue. 
Tbe  proposed  change  should  therefore  be  rejected,  it  seems  to  us,  on 
every  practical  consideration. 

{b)  Colorless  light  arid  darkness,  black  and  white. — It  has  been  seen 
that  it  is  impossible  to  hope  for  colored  signals  suiting  every  one, 
color-blind  or  not ;  it  becomes  necessary,  therefore,  to  try  to  devise  a 
plan  for  establishing  a  system  of  signals  independent  of  colors,  and 
based  npon  the  introdnction  of  a  colorless  light  of  different  degrees  of 
intensity.  While  there  is  nothing  more  sensible  to  our  sight  than  the 
relative  intensity  of  two  lights  placed  side  by  side  (when  the  absolute 
intensity  does  not  exceed  certain  limits),  in  tbe  present  case  the 
only  comparison  involved  is  made  from  memory,  so  to  speak,  which 
is  equivalent  almost  to  an  appreciation  of  the  absolute  intensity 
of  light.  We  are  so  far  from  being  able  to  judge  of  this,  that,  in  spite 
of  a  deeply  felt  need  and  constant  efforts,  science  even  has  not  suc- 
ceeded in  discovering  suitable  measures  to  apply  to  it. 

It  is,  however,  necessary  to  acknowledge  here  that  a  system  of  signals 
based  only  on  two  extremes  of  intensity  of  light,  namely,  on  light  and 
darkness,  white  and  black,  oaght  to  suit  tbe  normal  observer  as  well  as 
the  color-blind.  Moreover,  such  a  system  ought  to  satisfy  all  exigencies, 
])rovided  it  is  practically  applied,  and  that  two  signals  only  are  sufficient. 
A  white  and  black  dag,  etc.,  would  fully  snfflce  during  the  day;  but 
such  would  nnfortunately  not  be  the  case  at  night,  for  a  black  light  is 
a  coutradictifw  of  terms,  and  it  would  be  necessary,  consequently,  ac- 
cording to  this  system  for  the  night,  when  signals  are  of  the  greatest 
importance,  to  be  limited  not  to  three,  but  to  one  signal  only,  unless  the 
absence  of  all  signals  could  be  considered  as  one.  Here  it  might  be 
well  asked,  whether  the  better  system  is  not  that  which  is  based  on  tbe 
alternations  of  darkness  and  light,  that  Is,  movable  signals  or  eclipsed 
signal-lights.  As  far  as  we  know,  no  system  has  yet  been  discovwed, 
based  npon  the  principles  alluded  to  above,  which  could  advantageously 
take  the  place  of  tbe  one  actually  in  use. 

(c)  Jtorm,  movement,  number. — If  we  do  not  succeed  in  finding  a  suit- 
able system  of  signals,  based  on  the  differences  of  the  quality  and  quan- 
tity of  light,  there  remains  but  to  appeal  to  some  arrangement  ib  space. 
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if  abBolntel;  limited  to  the  visnal  Bense.  Many  different  ways  snggest 
tbemseives  of  varying  the  signals  by  form  and  arrangement  in  space : 
large  brilliant  sarfacea  arranged  in  different  forms ;  several  small  lights 
grouped  in  different  positions  with  reference  to  each  other;  lights  sim- 
ply disposed,  bat  differing  in  value  as  signals  according  to  tbeir  Domber, 
or  else  illnminated  figures  of  simple  colors,  and  produced  by  different 
movements,  and  so  on.  A  practical  difficulty  seems  to  be  connected 
with  snch  a  system  ;  the  signals  require  the  illuminated  surfaces  to  be 
large  enough,  or  placed  at  distances  considerable  enough  between  the 
luminous  points,  to  appear  distinctly  afar  off;  now  the  larger  snch  a  fig- 
ure, having  tlie  outlines  marlted  with  luminous  points,  the  greater  the 
risk  that  a  portion  of  it  be  hidden  by  other  otyecta  intervening  between 
it  and  the  eye.  These  two  inconveniences  must  be  apparent,  particn- 
larly  if  these  surfaces  and  illnminated  figures  have  to  be  placed  at  every 
point  where  colored  lanteniB  are  found,  as  for  example  on  locomotives 
and  cars. 

If  the  system  of  signals  were  based  upon  form,  and  all  persons  dis- 
charged from  the  service  of  railways  who,  in  consequence  of  an  imperfec- 
tion of  vision,  conld  not  clearly  and  decidedly  distinguish  these  signals  at 
adistance,  the  proportion  of  such  would  be  larger  than  that  of  the  color- 
blind. To  form  an  idea  of  the  different  capacities  of  the  normal  eye  in 
the  various  senses  just  mentioned,  we  will  recommend  a  very  simple  ex- 
periment. Take  something,  colored  paper,  for  example ;  make  some  plain 
figures,  such  as  letters,  one  of  which  must  be  attached  vertically  to  a 
large  black  or  white  surface.  To  prevent  any  distraction  from  subject- 
ive inflttences,  let  some  one  else  select  and  attach  this  letter,  while  the 
observer  stands  at  such  a  distance  that  even  with  the  eye  directed 
toward  it  but  a  single  object  can  be  seen.  If  the  letters  are  small,  it  is 
not  necessary  that  the  distance  should  be  very  great.  Then  if  the  sym- 
bol be  slowly  approached,  with  the  eye  fixed  on  the  colored  surface,  the 
following  observations  in  the  order  in  which  the  different  impressions 
succeed  each  other  will  be  made.  When  the  letter  is  first  perceived, 
neither  form  nor  color  can  be  distinguished ;  nothing  is  seen  but  a  point 
or  patch  darker  than  the  backgronnd,  if  that  be  white,  or  lighter,  if  it 
be  black.  The  first  attribute  remarked,  as  the  distance  diminishes,  is  its 
color.  When  the  color  is  very  distinct,  it  is  necessary  to  approach  con- 
siderably nearer  before  the  form  is  perceptible,  that  is  to  say,  before  this 
letter  can  be  read,  and  its  name  given.  This  simple  experiment  clearly 
shows  that  the  eye,  as  far  as  it  is  possible  to  compare  itscai>acitiesin  differ- 
ent directions,  is  first  sensible  to  the  relative  intensity  of  light,  then  to 
color,  and  finally  to  form.  It  would  be  necessary,  of  course,  to  consider 
various  circumstances  relative  to  the  choice  of  color,  form,  etc.,  if  the 
experiment  should  be  made  with  exactness  to  serve  as  a  basis  for  a 
scientific  demonstration.  It  would  appear  therefore  that  a  system  of 
signals  based  on  the  power  of  distinguishing  light  from  darkness  is  less 
suitable  than  the  one  now  in  use ;  not  ouly  because  this  is  based  Tipon 
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the  principle  of  the  ditfereDce  in  the  qnality  of  light,  that  is  to  say,  on 
color,  bat  because,  in  the  application,  the  very  colors  have  beea  choseu 
vhioh  iu  practice  are  the  best  adapted  to  the  object  ia  view.  Expe* 
rieuce  also  seems  lo  have  decided  in  favor  of  this  system,  since  in  spite 
of  the  substitntes  proposed  with  a  view  to  retain  the  color-blind,  it  has 
op  to  the  present  time  maintained  its  ascendency,  so  to  speak,  throagb- 
oat  the  entire  world. 

3.— DISMISSAL  OP  THE  COLORBLIND. 

It  now  remaiua  to  solve  the  qoestion  of  what  reform  is  preferable.  Is 
it  necessary,  in  order  to  facilitate  the  free  admission  of  all  classes  of 
color-bliiid  to  the  service  of  railways,  to  change  a  system  of  signals 
recognized  as  the  best  and  generally  accepted,  or,  continuing  the  system, 
to  discard  the  inrompetentt  It  is  manifest,  from  what  we  have  jnst  said, 
which  measure  is  most  conducive  to  the  safety  of  railway  lines.  All 
depends  upon  knowing  whether,  from  solicitude  for  the  color-blind,  any 
measures  tending  to  diminish  systematically  or  on  principle  this  security 
ehonld  be  countenanced.  We  are  fortunately  accustomed  to  accepting 
the  maxim  tbat  private  interest  must  yield  to  the  general  welfare.  Tbe 
proportion  of  color-bltudness  in  the  population  of  a  country  is  relatively 
very  small.  It  is  true  that  railway  employes  sire  not  made  for  signals, 
but  the  signals  for  them ;  yet  it  is  no  less  certain  that  in  this  matter  tbe 
first  consideration  must  be  the  public  good,  and  not  a  personal  advan- 
tage. It  ia,  withont  doubt,  very  praiseworthy  to  desire  that  any  one 
afSicted  with  a  congenital  defect,  for  which  he  is  not  responsible,  sbonld 
not  be  debarred  from  entering  every  career  open  to  those  more  favored  by 
nature.  But  this  ca«e  is  not  peculiar,  for  there  are  many  other  careers 
to  which  every  one  has  not  access  for  want  of  tbe  natural  ability  requi- 
site for  the  efBcient  discbarge  of  the  duty;  and  there  are  numbers  of 
persons  who,  in  consequence  of  some  natural  defect,  cannot  be  admitted 
into  even  tbe  most  eommoti  occupations.  We  will,  therefore,  maintain 
the  position  that,  as  long  as  the  existing  system  of  signals  nsed  on  rail- 
ways is  considered  in  almost  all  respects  the  best  known,  it  is  indis- 
pensable that  no  one  incapable  of  rapidly  and  accurately  distinguishing 
red,  green,  and  yellow  should  be  allowed  to  fill  any  position  on  railways 
involving  any  connection  with  colored  signals. 

IT.— GENERAL  PEINCIPLEa   AND   PLAIT   OF   CONTROL   OP 
THE  CHROMATIC  SENSE. 

It  is,  of  course,  to  the  interest  of  railways  not  to  take  into  their  ser- 
vice persons  having  any  degree  of  defect  in  their  chromatic  sense.  It 
mast  be  acknowledged  that  in  several  posts  on  railways,  the  observation 
of  signals  is  not  considered  an  indispensable  requisite;  but  as  it  is,  at  least^ 
aotbrtnnate  to  have  an  employ^  who  can  not,  iu  case  of  need,  attend  to 
the  signals,  we  consider  this  reason  alone  as  quite  aufBcient.    For  no  one, 
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aDd  still  lea»  a  color-blind  iodividnnl,  could  be  regarded  as  born  espe- 
cially for  a  railway  employ^.  Nameroas  other  TocatioDBareopen  to  the 
color-blind,  althongh  they  might,  on  aecoaut  of  this  defect,  run  the  risk 
of  flndiDg  themselves  excluded  from  many  occnpatious  where  color- 
blindnesa  is  mnch  less  iujarioas  thaa  to  railways.  Hence,  we  conclude 
that  the  decision  to  be  adopted  in  this  matter  mnst  be  comparatively 
very  etriogent,  that  is  to  say,  that  a  relativelif  slight  defect  of  the  chromatic 
senae  must  suffice  to  prohibit  admission  to  the  service  of  railways. 

The  question  is  quite  a  different  one  with  respect  to  those  alrea<1y 
employed  on  railways,  and  other  points  mnst  be  weighed.  It  may  be 
necessary,  perhaps,  to  remove  them  from  a  position  which  snlta  them, 
and  where  they  have  earned  a  livelihood,  and  performed  their  duties  in 
the  most  irreproachable  and  decorous  manner.  /( is  just,  therefore,  that 
the  least  severe  pririciples  be  applied,  and  their  personal  interests  as  much  a» 
possible  considered  without  violating  the  reguirementsfor  the  safety  of  the  line. 

In  this  case,  no  one  should  be  dismissed  without  plausible  reasons, 
and  when  any  such  exist,  the  employes  to  be  discharged  should  be  trea- 
ted with  as  much  consideration  as  possible,  and  receive  a  legitimate 
eompensatiou  for  their  loss  by  the  offer  of  another  place  or  a  pension. 

In  order  to  secure  an  intelligent  supervision  and  control,  each  employ^ 
should  submit  to  a  rigorons  examiuatioii  of  the  chromatic  sense,  that 
there  might  not  be  the  slightest  doubt  as  to  the  nature  of  its  capacity. 
To  be  able  to  attain  this  end  in  a  perfectly  certain  and  at  the  same  time 
practical  manner,  while  creating  as  few  difficulties  aa  possible,  is  with- 
out doubt  the  most  difficult  part  of  the  reform  to  execute.  It  is  admit- 
ted as  a  fact  that  color-blindness  may  manifest  itself  in  persons  formerly 
endowed  with  a  perfectly  normal  chromatic  sense.  This  is  what  is 
called  acquired  or  pathological  color-blindness,  only  lately  known,  and 
far  from  beiog  as  much  studied  as  the  congenital  defect.  It  would  be 
perhaps  more  suitable  for  our  practical  purpose  to  divide  pathological 
color-blindness  into  two  classes,  one  of  which  might  be  called  general  or 
regular,  and  the  other  local  or  irregular.  We  will  understand,  by  the 
first  term,  that  kind  of  pathological  bliuduess  due  to  general  causes,  and 
usndly  concentrically  disposed  about  the  yellow  spot;  and,  by  the  second, 
that  which  ia  produced  by  local  causes,  and  appears  eccentrically  placed 
in  the  visual  field,  or  having  its  cenlf^r  in  the  blind  spot.  This  last  class 
should  not  belong  to  the  subdivision  now  occupyingus,  principally  because 
it  rarely  appears  iu  such  a  degree  as  to  be  able  to  occasion  any  danger  to 
railways.  There  is  no  doubt  but  that  this  acquired  blindness  really  exists. 
Dr.  Favre  and  several  other  writers  have  especially  devoted  themselves  to 
this  form  of  color-blindness  amongst  railway  employ  6s  J  they  have  pointed 
out  several  causes  to  which  it  ia  due,  and  proposed  measures  for  discov* 
ering  it.  It  is  of  the  highest  importance  here,  it  seems  to  ns,  that  per- 
fectly certain  methods  of  investigation  should  be  employed,  I>r.  Stilliug 
justly  remarks  that  the  great  frequency  of  congenital  color-bliudness 
constitutes  one  of  the  principal  ditBcnlties  encountered  in  obtaining  an 
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accamte  bDOwledgo  of  pathological  blindDess.  It  is  algo  plain  that  ia 
cases  where  pathological  coloT-blindness  might  be  confonnded  with  con- 
genital l)lindaeGa,there  is  do  meaos  of  arriving  at  a  knowledge  of  its  true 
natare,  anless  in  an  individual  who,  after  a  rigid  examination  pre- 
viously made  by  a  trustworthy  method,  had  been  fonnd  to  possess  a 
normal  sense  of  vision.  Bnt  it  can  scarcely  be  admitted  that  there  have 
been  any  snch  cases  amongst  those  hitherto  cited.  Bot  there  is  no  better 
way  of  de&Dit«Iy  solving  this  question  than  by  systematically  organiz- 
ing observations  and  repeated  examinations  on  railways  where  all  the 
personnel  have  been  previously  examined.  On  this  point,  among  many 
others,  the  interests  of  science  and  those  of  the  public  go  hand  in  band. 

Within  the  last  few  years  snfBciently  positive  information  has  been 
gathered  to  be  able  to  form  a  fixed  plan  for  enlarging  these  examinations. 
Dr.  Favre  tells  us — according  to  his  experience  and  that  of  several  of 
his  colleagues — that  common  causes  of  color-blindness  are  contusions, 
serioDS  illnesses,  such  as  typhoid  fever,  etc.,  and  the  abuse  of  strong 
liquors. 

After  every  accident  by  rail  or  at  sea,  from  collision,  etc.,  where  mis- 
takeslndiBtingnisbing  colors  have  been  theprincipal  or  secondary  causes, 
not  only  the  personnel  present  at  the  time  of  the  accident,  bnt  also  nil 
who  have  to  give  testimony  abont  the  signals,  shonld  be  subjected  to  a 
rigorons  examination.  The  necessity  of  this  measnre  must  be  evident 
from  whathas  been  said  before.  It  is  absurd  to  condemn  anyone  because 
some  one  who  is  blind  says  he  has  seen  him  violate  the  law,  or  to  excul- 
pate him  because  the  blind  person  has  seen  him  fulfill  this  law.  To  solve 
the  problems  involved,  it  ip  necessary  to  make  periodic  examinations, 
1st,  of  every  one  who  has  a  chromatic  sense  already  acknowledged  as 
defective;  2d,ofall  whobavehad  contusions,etc.;  and,  3d,  of  the  whole 
personnel,  to  discover  aoy  color-blindness  that  may  have  arisen  without 
apparent  cause.  The  result  of  all  that  has  been  said  ia,  that  it  is  abso- 
lut-ely  necessary  that  the  directors  and  principals  should  be  perfectly 
familiar  with  the  nature  of  the  chromatic  sense  of  each  one  of  their 
subordinates. 

v.— SHORT   CRITICISM   OF  THE  USUAL  METHODS  OF 
INVESTIGATION. 

Our  exposition  of  color-blindness  has  shown,  we  hope,  that,  in  spite 
of  its  wide  divergence  from  the  normal  chromatic  sense,  it  is  not  so 
easily  discovered  as  one  might  imagine;  quite  the  contrary.  Just  in 
proportion  to  the  increase  of  our  knowledge  of  color-blindness  and  the 
peculiarities  of  its  subjects  have  we  been  led  to  establish  different 
methods  for  its  di  scovery.  Several  already  exist,  which  differ  from  each 
other  in  the  very  principle  upon  which  they  rest  or  in  the  application 
of  this  principle. 

Supposing  the  usual  signal-lights  be  presented,  one  after  the  other. 
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to  the  peisoD  examined,  he  being  reqaired  to  name  the  colors  or  their 
value  as  signals,  his  chromatic  sense  conld  not  be  judged  b;  his  answer. 
For  we  have  seen,  on  one  side,  that  the  color-blind  can  gnesa  correctly 
in  each  cases,  and,  on  the  other  band,  it  is  scarcely  necessary  to  say  that 
the  normal  observer  might  make  a  mistake  in  the  name,  either  from  negli- 
gence,  throagb  inatteutioo,  or  simply  by  a  lapsus  livgwe.  How  maDy 
times,  then,  must  the  trial  be  repeated  to  secnre  positive  results  T  How 
often  mnst  the  individual  make  mistakes  to  be  considered  color-blind  f 
How  many  times  may  he  make  them  without  being  considered  color- 
blindl  Evidently  there  is  no  categorical  answer  to  these  quesUons.  We 
are  therefore  authorized  to  conclude  that  the  ezamiuatioD  by  means  of 
railway-lanterns,  for  discovering  color-blindness,  must  be  considered  for 
several  essential  reasons  as  an  impracticable  method,  and  consequently 
to  be  n^ected.  The  use  of  flags,  for  the  same  purpose,  is  still  worse. 
A  general  principle,  applying  to  every  examination  of  the  chromatic 
sense,  is  that  sucb  examination  should  not  at  first  endeavor  to  trace  the 
connection  of  the  chromatic  sense  with  signals  of  any  kind  whatsoever, 
but  have  in  view  only  the  discovery  as  to  whether  the  subject  is  or  is 
not  colorbUnd,  or  whether  the  chromatic  sense  is  defective  or  normal. 
While  none  of  the  various  methods  proposed  can  be  condemned  as  ab- 
solutely barren,  there  are  several  which,  used  alone,  never  give  positive 
lesnltB,  or  give  them  only  in  a  limited  number  of  cases,  or  else  cause 
so  great  a  loss  of  time,  and  are  so  inconvenient,  that  they  ongbt  to  be 
rejected  from  this  consideration  alone.  We  class  amongst  these  methods 
all  those  which,  as  in  the  examination  by  means  of  the  lantern,  have  a 
tendency,  iu  principle,  to  place  before  the  one  to  be  examined  diEferent 
colors  or  colored  objects  to  be  named  by  him.  The  real  question  is  not 
to  discover  the  degree  of  skill  comparatively  attained  by  each  one  in 
correctly  naming  the  colors,  but  the  manner  iu  which  he  sees  them,  or, 
in  other  words,  tbe  nature  of  his  chromatic  senge.  Any  method  fulfill- 
ing this  requirement  must,  in  principle,  be  based  upon  tbe  comparison 
between  differeut  colors,  and  an  investigation  into  the  causes  of  tbe  con- 
fusion of  the  color-blind  about  several  of  them. 

An  example  will  more  clearly  illustrate  our  idea  and  show  its  impor- 
tance. Let  us  take  a  green-blind  individual;  we  know  by  experience 
that  he  confuses  or  finds  a  perfect  resemblance  between  the  shades  of 
three  colors  very  different  to  the  normal  eye.  I  allude  topurple,  green, 
and  gray.  The  reason  of  this  is  very  simple  according  to  tbe  theory ; 
thegreen-blind  is  void  of  the  organ  for  perceiving  green.  Purple,  green, 
and  gray  are,  iu  reality,  tbe  same  color  to  the  eye  of  the  green-blind, 
but  he  has  heard  three  names  given  to  these  colors  under  different  cir- 
cumstances. The  result  of  this  will  be  that  he  will  in  his  turn  designate 
this  color  sometimes  by  one  and  sometimes  by  another  of  these  names, 
or  else  he  will  only  use  one,  especially  the  one  he  first  remarked  or  heard 
most  frequently  applied  to  this  color.  If  the  subject  use  all  three  aaraes, 
he  will  apply  them  correctly  in  some  instances  and  incorrectly  iu  others. 
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Bat  if  he  employ  a  aingle  Dame,  it  might  in  n  conseqaent  maDoer  be, 
according  to  the  caae,  pwrpfe  (improperly  called  redjjjrecn,  or  gray.  Sup- 
posing that  be  uses  "green,"  according  to  the  denominating  method,  his 
chromatic  sense  will  be  judged  as  imperfect  tor  purple  and  for  gray,  but 
as  correct  for  green.. 

From  car  point  of  view,  therefore,  Dr.  Favre'a  method  does  not  seem 
satiafactory.  Besides,  not  appearing  to  ns  certain,  and  not  supplying 
us  with  any  basis  for  a  nsefnl  classification,  it  requires  more  time  than 
is  expedient ;  nevertheless,  this  principle  seems  usually  applied  in  France 
and  England. 

Dr.  Stillinga's  method  is  also  founded  upon  the  designation  of  colors, 
niid,  if  for  no  other  reason,  it  should,  we  think,  be  condemned.  This 
method  is  based  upon  the  principle  of  colored  shadows.  Before  a  bril- 
liant light  in  a  dark  room  a  colored  glass  is  held,  so  that  the  light,  pass- 
ing throngh  the  glass,  and  in  consequence  colored  by  absorption,  strikes 
a  white  surface,  a  sheet  of  paper  for  instance,  at  right  angles.  In  the 
neighborhood  of  this  sheet,  and  between  it  and  the  glass,  a  slender 
find  opaque  object,  a  pencil,  say,  is  held  in  such  a  manner  that  its 
shadow  distinctly  falls  upon  the  paper.  This  shadow  then  seems  tinted 
irith  the  complementary  color  of  the  glass,  that  is  to  say,  it  shows  the 
different  shades  of  purple  or  red  if  the  glass  ia  green ;  green  or  blue- 
green  if  the  glass  is  red,  etc.,  in  accordance  with  the  Young-Helmholtz 
theory.  According  to  Dr.  StilUpg,  the  colorblind  will  be  recognized  by 
the  fact  that  the  shadow  in  question  appears  to  him  nncolored,  black 
or  gray,  while  to  the  normalobserver  it  assumes  the  contrasted  color,  and 
the  diagnosis  is  established  according  to  the  names  applied  to  the  colors 
of  the  shadows  by  the  color-blind.  It  must  be  evident  that  his  method 
deserves  very  little  confidence,  and  that  it  simply  depends  upon  a  chance, 
whether  after  such  a  proof  a  normal  observer  may  not  be  declared 
color-blind.  Besides,  as  the  judgment  is  based  upon  the  name  given  to 
the  colored  shadow  by  the  subject  examined,  it  may  readily  happen 
also  that  a  color-blind  person  may  be  declared  to  have  normal  sight,  if, 
as  is  often  the  case,  he  guess  the  true  name  of  the  color.  Briefly,  then, 
this  method  is  not  sure  under  this  form.  This  judgment  is  not  founded 
merely  upon  theoretic  reasons,  but  also  upon  a  large  nnmber  of  direct 
experiments,  and  is  also  confirmed  by  the  examples  cited  by  Dr.  Stil- 
ling himself.  '       , 

It  does  not,  however,  follow  that  colored  shadows  may  not  be  used  in 
the  examination  of  the  chromatic  "sense,  if  so  arranged  that  the  exam- 
iner can  [>erfectly  regulate  the  light  according  to  his  pleasure.  Accord- 
iBg  to  my  method,  with  mirrors  and  two  lights,  a  comparison  between 
two  colors  may  be  established.  The  green-blind  here  finds,  as  elsewhere, 
a  resemblance  between  a  certain  shade  of  green  and  purple,  etc.  As 
by  this  method  the  intensity  of  tbe  light  may  be  exactly  regulated,  the 
feeble  perception  may  also  be  relatively  determined.  The  experiment 
we  have  made  about  thia  declares  in  favor  of  the  Young-Helmholtz 
la  8 
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theory,  bnt  it  has  besides  convinced  db  tbat  the  colored  sbadowa  are 
not  saitable  for  tbe  diBcovery  in  tbe  first  instance  of  ooIor-blindueBB. 
This  is  tbe  same  case  with  Bagona  Scina's  method  of  representing  com- 
plementary colors;  and  also  that  of  Rose,  which,  practically,  strongly 
resembles  the  preceding. 

After  baying  named  the  processes  which,  according  to  oor  convic- 
tions, are  not  saitable  for  the  end  in  view,  we  most  mention  two  other 
methods  wbicb  tboroaghly  supply  ns  with  the  information  wanted. 
One  is  dae  to  Seebeck ;  the  other  to  MaxweU.  They  are  both  founded 
on  tbe  comparison  of  colors,  and  do  not  assume  cither  any  knowledge 
or  any  nse  of  the  names  of  colors,  which  is,  we  think,  an  essential 
advantage. 

Maxwell's  method  consists  in  representing  two  colors  on  a  rotatory  disk, 
to  be  compared  by  the  person  under  examination,  the  tints,  degree  of 
"  satoxation,"  and  intensity  of  light  of  which  may  be  changed  at  will. 
They  can  be  modified,  nntil,  to  the  color-blind,  they  attain  an  absolate 
resemblance.  Tbe  chromatic  sense  is  then  jadged  by  its  dissimilarity  to 
that  of  the  normal  eye.  It  is  in  this  that  tbe  force  and  accoracy  of  the 
method  consist.  It  shows  ns  with  certainty  how  tbe  subject  sees  the 
colors  as  compared  with  each  other.  The  Yonng-Helmholtz  theory  is 
confirmed  by  Maxwell's  method,  as  this  shows  ns  that,  by  the  aid  of 
only  two  primitive  colors,  we  can  exhaust  the  whole  chromatic  scale  of 
the  color-blind. 

Seebeck's  method  consists  in  making  the  individual  to  be  examined 
classify  a  number  of  colored  objects  according  to  their  reciprocal  resem- 
blance or  dissimilarity.  In  this  way,  we  have  at  once  a  complete  picture 
of  the  person's  chromatic  sense.  We  learn  what  colors  he  distinguishes 
and  which  he  confounds.  By  this  method,  also,  we  can  know  bow  be 
sees  colors  in  their  relations  to  each  other.  But,  althoagb  these  two 
methods  areperfectly  reliable,  they  are  not  entirely  suitable  for  a  practi- 
cal purpose,  because  they  require  much  time  and  are  very  inconvenient, — 
that  of  Maxwell  for  the  examiner  and  that  of  Seebeck  for  tbe  examined. 
He  who  has  examined  a  large  number  of  color-blind  by  Maxwell's 
method  knows  only  too  well  bow  much  time  this  investigation  consames, 
in  however  incomplete  a  manner  it  is  made.  This  arises  from  the  extreme 
affectation  of  precision  by  the  color-blind.  It  is  not  difflcnlt  for  one 
with  normal  sight  to  point  out  two  similar  colors  on  the  rotatory 
disk,  because  tbe  essential  point  is  tbe  resemblance  in  the  tint  of  the 
color.  But  the  color-blind  person  who  cannot  perceive  this  tint  re- 
qnires  a  complete  resemblance  in  the  intensity  of  light  or  in  the  degree 
of  "saturation,"  and  in  this  lies  the  difficulty.  His  appreciation  often 
depends  apon  the  addition  of  a  minimum  of  white  or  black,  which  is  to 
him  of  the  greatest  importance,  although  the  normal  observer  cannot  per- 
ceive any  difference.  We  may  add  that  the  method  is  very  fatiguing 
and  inconvenient  to  the  examiner,  on  account  of  the  continnal  changes 
made  in  the  colors,  and  the  incessant  work  that  the  rotation  of  tbe 
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apparatus  neceseitates.  Finally,  if  we  atate  Aat  tbe  Apparatas  is  some- 
wbat)  ezpensive,  and  is  comparatively  difficult  to  traosport,  it  will  enfflce, 
it  seems  to  as,  to  condemn  its  net)  as  a  method  of  the  first  order  when  it 
is  required  to  mak^the  examination  on  a  multitude. 

The  method  of  Seebeck  causes  much  losa  of  time  by  obliging  those 
examined  to  classify  a  large  number  of  colored  objects.  This  ih  not  an 
easy  task  for  them.  It  not  only  progresses  very  slowly,  requiring  per- 
haps an  hoar,  bnt  costs  much  trouble  and  evident  effort.  One  may 
obtain  a  tolerably  clear  idea  of  this  by  attempting  to  do  the  same  work 
with  the  use  of  blne-gieen  eyeglasses.  Tbe  colors  are  then  seen  and 
classified  very  nearly  as  they  are  by  the  red-blind,  and  almost  the  same 
difflcnlty  is  experienced,  Seebeck's  method,  however,  is  anpenor  to 
Maxwell's  in  this,  that  it  reqnirea  the  subject  to  make  an  active  use  of 
his  chromatic  sense,  while  the  other  allows  him  to  remain  passive,  and 
merely  announce  his  decision.  Both  methods,  however,  require  too 
much  time  to  be  employed  with  advantage  for  the  purpose  in  question. 
But  they  are  tbe  best  methods  known  to  us  at  present. 

The  perimetric  exploration  with  Forster's  apparatus  may  be  excellent 
in  more  than  one  case  for  examining  those  before  examined,  bnt  it  is 
not  advisable  alone  and  as  a  primitive  method.  It  is  even  inapplicable 
to  some  persona ;  it  entails  much  loss  of  time,  requires  much  exertion  on 
tbe  part  of  the  oue  examined,  and  requires  an  expensive  inatrament, 
which  is  besides  very  inconvenient  for  transportation. 

It  may  be  very  interesting  scientifically  to  use  the  upectrum  for  exam- 
ining the  color-blind;  bnt  this  method  is  not  very  appropriate  for 
practical  purposes ;  it  requires  costly  apparatus,  and  different  arrange- 
ments, which  render  it  more  or  less  long  and  inconvenient.  It  does  not 
enter  into  onr  plan  to  give  an  account  here  of  all  the  known  methods 
that  may  be  used  in  the  first  inspection,  or  when  desired  to  establish  a 
test  for  examination.  We  shall  Uinit  onrselves  to  tbe  examples  cited, 
and  to  explain  in  a  special  chapter  the  method  we  have  ourselves  used, 
and  which  of  all  tried  seems  to  us  best  adapted  to  the  purpose. 

VI.— NEW  PRACTICAL    METHOD    FOE  DISCOVERING  AND 
DETERMINING  DEFECTS  OP  THE  CHROMATIC  SENSE. 

The  method  we  are  going  to  describe  here  has  been  employed  in  all 
the  examinations  of  the  chromatic  sense  of  the  different  classes  of  the 
population  which  have  been  made  in  Sweden. 

1. — A  SHOBT  SKETCH  OF  THE  GENERAL  PRINCIPLES  OF  THE  METHOD. 

Theoretically,  our  method  moat  resembles  those  of  Seebeck  and  Max- 
well, as  it  is  based  upon  a  comparison  between  different  colors.  It  there- 
fore first  seeks  to  diacover  the  chromatic  perception  of  the  subject,  disre- 
garding the  names  he  gives  to  the  colors,  as  generally  it  is  not  neces- 
sary he  should  designate  the  names.    Onr  method  resembles  Seebeck's 
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most  in  this,  tliat  it  does  not  reqaire  a  special  apparatus  for  prepariog  the 
necessary  tiots  for  the  cxamiQation ;  it  oasiimeB  there  wilt  be  a  sapply  of 
objects  of  different  colors  provided  hi  advance.  It  agrees  again  with  this 
method  in  not  allowing,  as  Maxwell's  does,  the  persoD  examined  to  remain 
passive,  and  simply  give  his  opinion  of  the  resemblance  or  dissimilarity 
of  the  shades  indicated,  bnt  requires  bim  to  discriminate  and  select  the 
shades,  and  in  consequence  reveal  by  an  act  tbe  nature  of  his  chromatic 
sense.  But  practically  our  method  differs  essentially  from  Seebeck's. 
His  certainly  gives,  in  a  certain  sense,  more  complete  results  than  ours 
by  requiring  the  subject  to  thoroughly  clitssify,  in  accordance  with  their 
reciprocal  resemblances  and  dissimilarities,  tbe  various  differently  col- 
ored olijects  placed  before  him.  A  complete  table  of  his  whole  system 
of  colors  is  tbe  result  of  this.  Our  method,  on  the  contrary,  requires  the 
person  examined  to  select,  amongst  a  large  number  of  variously  colored 
objects,  those  alone  which  resemble  the  sample  shown  bim  by  tbe  ex- 
aminer. The  difference  is  evident.  Seebeck's  method  is,  without  any 
doubt,  preferable  when  the  nature  of  the  color-blindness  in  the  aggregate 
is  to  be  considered ;  that  is,  so  long  as  this  is  yet  unknown.  His  method 
then  gives  a  more  complete  idea  than  oura  of  the  nature  of  the  color-blind- 
ness. But  for  our  actual  purpose,  the  muiu  question  is  to  discover  a 
defect,witb  the  entire  nature  of  which  we  are  acquainted  in  advance. 
Our  practical  mission  then  is  evidently  to  discover,  if  possible,  some  cer- 
tain sign  which  will  enable  us  to  accomplish  this  end  by  the  shortest  pos- 
sible route.  If  a  single  proof  which  would  detect  the  color-blind  as 
certainly  as  if  he  revealed  to  us  his  entire  system  of  colors  were  discovered, 
this  would  undoubtedly  be  the  method  preferred  to  any  other,  as  it  would 
accomplish  the  object  much  more  quickly  and  easily.  This  is  the  case 
with  our  method.  We  are  fiir  from  denying,  in  general,  tbe  valuR  of  a 
thorough  examination,  but  wo  will  say  that  it  may  sometimes  bo  super- 
fluous.  Its  practical  advantage  will  not  be  very  great,  if  at  the  cost  of 
a  great  loss  of  time,  and  it  may  even  be  prejudicial,  if,  under  a  multitude 
of  details,  it  conceal  what  is  essential;  in  a  word,  prevents  our  "seeing 
the  city  on  account  of  the  houses."  All  this  may  bo  applied  to  Seebeck's 
method,  when  the  object  in  view  is  the  one  of  which  we  are  in 
pursuit.  Oar  method  again  endeavors  to  seize  as  rapidly  as  possible 
one  or  two  essential  characteristics  while  neglecting  all  the  others.  A 
single  caudal  feather  of  the  peacock  reveals  whence  it  came;  a  single 
flower  or  fruit,  the  plant  whence  it  was  plucked ;  and  the  genus  man  is 
recognized  if  we  can  bnt  see  a  face.  It  is  only  when  the  face  is  muti- 
lated, tbe  flowers,  fruits,  nnd  candal  feather  are  defective,  that  iu  certain 
cases  it  is  necessary  to  have  reoonrse  to  other  characteristics.  Our 
method  rests  npon  these  principles ;  it  also  offers  the  same  security  as 
Seebeck's.  But,  as  regards  tbe  time  necessary  to  accomplish  tbe  exami- 
nation, it  bears  nearly  the  same  relation  to  that  of  the  learned  Crerman, 
that  a  minute  does  to  an  hour.  This  may  seem  a  very  trifling  matter 
at  the  first  glance,  but  is  iu  reality  of  immense  practical  importance 
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wbeu  a  maltitude  of  persons  are  to  be  snccessively  examined.  A  simple 
calculation  sliowa  ns  la  fact  that  aa  examinatiOQ  reqniring  one  day  by 
our  method  woald  require  two  mouths  by  Seebeck's. 

It  is  but  jast  to  acknowledge  that  it  was  only  by  weighing  the  results 
obtained  by  Seebeck's  method  and  following  the  Young-Helmholtz 
theory,  as  well  as  the  principles  we  have  indicated  as  indispensable  to 
a  practical  method,  that  we  have  succeeded  In  formulating  our  own 
method,  such  aa  we  shall  explain  it  in  what  follows.  We  also  will  re- 
mark that  it  is  very  simple  and  easily  mastered ;  but  we  think  this  Is 
likewise  often  the  case  with  all  that  is  useful  and  practical,  and  that 
simplicity  offers  great  advantages.  We  prefer  this  method  because  it 
seema  to  us  more  than  any  other  to  fulfill  the  conditions  we  have 
pointed  out  as  necessary  to  a  practical  method,  namely,  certainty,  rapid- 
ity, and  convenience.  The  only  inconvenience  of  any  moment  besides 
those  it  has  in  common  with  a  greater  part  of  the  others  is  that  it  re- 
quires daylight.  It  can  undoubtedly  be  used  by  artificial  light  (elec- 
trical and  calcium  lights,  and  certain  arrangements  of  lamp-lights  with 
blue  glass),  but  this  causes  much  loss  of  time. 

After  this  rapid  sketch  of  the  general  principles  of  the  method,  we 
will  proceed  to  give  its  details,  and  shall  not  fail  to  mention  generally 
the  reasons  why,  amongst  several  possibilities,  we  have  selected  this  or 
that  process. 

2, — THE  MATERIAL  AND  ITS  AEEANGEMENT. 

Our  method  demands  neither  costly  apparatus  nor  a  special  place  for 
the  examination.  The  only  necessary  elements  are  a  number  of  variously 
colored  objects.  It  consists  in  taking  one  from  a  number  of  oljecta  pro- 
miscuously thrown  together,  and  asking  the  person  examined  to  select 
from  amongst  them  all  the  ottiers  corresponding  with  the  first  in  color. 
With  regard  to  the  colored  objects,  it  of  course  matters  little  in  principle 
what  their  nature  is,  as,  in  the  main,  the  method  never  changes,  no  mat- 
ter what  the  kind  selected.  But,  practically,  the  choice  is  by  no  means 
a  matter  of  indifference.  Among  the  ordinary  objects  suggested,  and 
also  Qsed  for  the  purpose,  are  pieces  of  colored  paper,  glass,  or  silk, 
or  Berlin  wool,  etc.,  the  last  of  which  seems  to  us  the  best,  for  the 
toUowing  reasons:  One  of  the  chief  advantages  of  Berlin  wool  is,  that 
Ifc  can  be  procured  in  iill  possible  colors  corresponding  to  those  of  the 
spectrum,  and  each  in  all  its  shades,  from  the  darkest  to  the  lightest. 
Such  selections  may  be  found  in  trade,  and  are  easily  procured  when  and 
where  desired.  It  can  be  used  at  once,  and  without  any  preparation 
for  the  examination,  jast  as  delivered  from  the  factory.  A  skein  of 
Berlin  wool  is  equally  colored,  not  only  on  one  or  two  sides,  but  on  all, 
and  is  easily  detected  in  the  package,  even  though  there  be  but  one 
thread  of  it.  Berlin  wool  is  not  too  strongly  glaring,  and  is,  moreover,  sofb 
a  ud  manageable,  and  can  be  handled,  packed,  and  transported  as  desired, 
without  damage,  and  is  conveniently  ready  for  use  wherever  needed. 
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These  advantages  are  waoting  in  tbe  ©tier  colored  objects  snggested 
for  use.  Colored  paper  or  silk  may  be  nsed  wben  light  or  dark,  dnll  or 
bright  colore  are  wanted;  but  they  both  have  these  inconTeniences,  they 
must  first  be  cat  into  saitable  pieces,  and  tUey  are  tronblesome  to  handle ; 
moreover,  they  are  easily  concealed  from  view,  and  it  is  necessary  to 
stretch  them  carefully  on  a  large  snrface  to  enable  them  to  be  seen 
without  trouble.  They  are  often  glaring  ;  they  reflect,  besides  their 
particular  kinds  of  light,  a  quantity  of  white  light,  which  is  a  promi- 
nent defect,  OS  it  misleads  the  color-bliud,  who,  as  we  know,Jadge  of 
colors  by  the  intensity  of  light,  that  is,  the  quantity  of  light,  and  he 
couseqaeatly  estimates  differently  the  color  of  a  brilliaut  surface,  ac- 
cording to  the  position  iu  which  it  is  found  with  regard  to  the  eye,  etc. 
The  paper  is  often  colored  on  only  one  side,  and  this  gives  rise  to  much 
trouble,  as  it  is  necessary  to  turn  the  pieces  from  one  side  to  the  other 
to  see  them  in  their  true  colors.  Finally,  from  being  so  much  handled, 
the  pieces  of  paper  or  silk  soon  become  tnmbled  and  faded. 

Colored  glass,  which  must  be  in  pieces,  is  not  suitable  either,  from 
the  fact  that  it  is  difficult  to  procure  it  in  snfQciently  great  variety.  It 
is  besides  tronblesome  to  transport,  easily  broken,  and  finally  inconve- 
nient for  Qsing,  because  necessary  to  be  held  against  the  light  of  day,  or 
a  Inmiuous  source,  in  order  that  the  color  may  be  seen.  The  advan- 
tage ot  being  able  to  use  them  by  any  kind  of  light  does  not  coauterbal- 
ance  their  inconveniences. 

Although  these  are  not  all  tlie  objeclions,  the  preccdiug  will  snGBce 
to  prove  tbe  advantages  of  Berlin  wool.  All  this  applies  equally  well 
to  wafers,  powders,  colored  solutions,  apoola  of  colored  thread,  pieces  of 
wood,  and  porcelain,  especially  painted  for  the  purpose,  etc.;  they  can 
all  be  and  have  been  employed,  but  none  of  these  objects  are,  la  every 
respect,  so  well  suited  to  our  purpose  as  Berlin  wool. 

A  selection  of  Berlin  wool  is  then  made,  including  red,  orange,  yel- 
low, yellow-green,  pure  green,  blue-green,  blue,  violet,  purple,  pink, 
brown,  gray,  several  shades  of  each  color,  and  at  least  five  gradations 
of  each  tint,  from  the  deepest  to  the  lightest.  Green  and  gray,  several 
kinds  each,  of  pink,  blue,  and  violet,  and  tbe  pale  gray  shades  of  brown, 
yellow,  red,  and  pink,  must  especially  be  well  represented.  The  choice  of 
the  material  does  not  belong  specially  to  oor  method.  In  fact,  Seebeck 
suggested  the  use  of  Berlin  wool,  which  was  employed  by  his  advice  and 
still  is  at  present.  To  us  only  belongs  the  credit  of  originating  the  man- 
ner in  which  it  is  employed.  According  to  our  method,  the  examiner 
selects  from  the  collection  of  Berlin  wool  ia  a  pile  on  a  convenient  table, 
and  lays  aside  a  skein  of  the  especial  color  desired  for  this  examination ; 
then  he  requires  the  one  examined  to  select  the  other  skeins  most  closely 
resembling  the  color  of  the  sample,  and  to  place  them  by  its  side.  Tbe 
chromatic  sense  of  the  individual  is  decided  by  tbe  manner  in  which  be 
performs  this  task.  The  rapidity  with  which  this  examination  is  made 
does  not  seem  to  directly  correspond  with  the  nature  of  the  chromatic 
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senBe,  but  to  depend  flcally  apon  the  character  of  the  person  examined. 
One  of  intelligence,  with  a  quick,  practical  mind,  is  examined  in  less 
than  a  miDate.  In  this  time,  in  fact,  a  normal  eye  coald  easily  find  the 
four  or  five  skeins  of  the  same  color  as  the  sample,  and  the  color-blind 
make  a  snfBcient  number  of  characteristic  mistakes  to  thorongliiy 
establish  the  diagnosis.  It  is  clear  that  a  method  snch  as  ours  affords 
the  opportunity  in  connection  with  the  investigation  of  the  chromatic 
sense  of  learning  mach  of  all  the  peculiarities  relating  to  the  use  of 
our  senses.  This  is  why  we  maintain  the  principle  that  it  is  nec- 
essary to  leave  to  the  activity  of  the  bands  the  task  of  revealing  the 
nature  of  the  sensations,  and  to  have  reconrse  to  the  tongue  only  for 
verification  when  there  is  need  of  more  information.  The  combina- 
tion of  the  action  of  the  eye  and  hands,  which  plays  in  general  so 
important  a  part  in  the  training  and  use  of  the  senses,  is  also  of 
great  consequence  in  this  examination.  An  attentive  examiner,  espe- 
cially if  he  have  already  acquired  some  experience,  can  draw  im- 
portant couclusioiis  from  the  manner  in  which  the  other  executes 
his  task,  not  only  and  directly  with  regard  to  the  nature  of  his  chro- 
matic sense,  but  generally  as  to  his  intelligeuce  and  character,  and 
especially  in  some  cases  as  to  his  previous  training  and  exercise  in  the 
use  of  colors,  and  his  skill  in  recognizing  them,  The  examination 
affords  us  also  the  opportunity  of  making  psychological  observations, 
which  coutribute  in  a  great  measure  in  giving  us  a  clear  idea  of  the 
nature  of  the  chromatic  sense.  A  practiced  examiner  can  often  detect 
color-blindness  by  the  first  gestare,  and  make  his  diagnosis  before  the 
end  of  the  trial.  He  can,  according  to  the  manner  in  which  the  task  is 
performed,  form  ajudgment  of  afeeble  chromatic  sense  in  instances  which 
are  proved  correct  by  the  final  result.  He  also  can  and  must  see  whether 
the  result  is  erroneous  simply  on  account  of  a  misnnderstanding  or  a 
want  of  intelligence,  just  as  he  can  see  whether  the  really  color-blind 
succeeds,  in  a  certain  degree,  from  much  previous  exercise  or  a  consid- 
erable amount  of  caution.  In  short,  the  method  supplies  us  with  all 
necessary  information,  so  that  by  an  examination  made  with  its  assist- 
ance, a  defective  chromatic  sense,  no  matter  of  what  kind  or  in  what 
degree,  cannot  escape  observation.  As  we  have  already  said,  the  prin- 
ciple of  our  method  is  that  the  test  is  confined  to  one  color. 

The  faculty  possessed  by  the  oye  of  distinguishing  colors  and  that  of 
defining  the  degrees  of  light  and  color  {of  "saturation")  are  relatively 
very  different;  but  these  special  faculties  have  this  in  common,  that  they 
have  their  maximum  activity  in  a  certain  intermediary  region  of  abso- 
lute intensity  of  light  aud  their  miuimum  at  the  two  limits  of  this  region. 
Just  as  we  experience  the  most  difBcnlty  in  distinguishing  between  the 
shades  of  intensity  of  light  by  a  very  feeble  or  very  strong  illumination, 
soft  is  difficult  lor  us  to  distinguish  colors  slightly  or  strongly  lumiuons, 
or  ttie  deepest  and  the  lightest.  It  is,  therefore,  necessary  to  select  as 
a  suitable  color  for  discovering  a  feeble  chromatic  sense  either  the  light- 
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est  or  darkest  shades.  The  vell-deQned  kinds  and  degrees  of  a  defect- 
ive chromatic  sense  coiifoand  only  colors  of  mean  Intensity.  I  have 
selected,  to  determine  whether  the  chromatic  sense  is  or  is  not  defective, 
a  light  green  (dark  green  may  be  also  used),  because  green,  according 
to  the  theory,  is  the  whitest  of  the  colors  of  the  spectrum,  and  conse- 
gaeotl)'  is  most  easily  confnsed  with  gray.  For  the  diagnosis  of  the 
especial  kinds  of  partial  color-blindness,  I  have  selected  parple  (pink), 
that  is,  the  whole  gronp  of  colors  in  which  red  (orange)  and  violet  (bine) 
are  combined  in  nearly  equal  proportions,  at  least  in  such  proportions 
that  DO  one  sufficiently  preponderates  over  the  others,  to  the  normal 
sense,  so  as  to  give  its  name  to  the  combination.  This  is  the  reason  for 
thjschoice.  Purple  occupies  a  singular  position  amongst  colors;  althongh 
It  is  a  combination,  it  is,  we  know,  a  color,  as  well  "saturated"  as  the 
colors  of  the  spectrum,  and  might  be,  from  this  point  of  view,  classed 
with  them,  although  it  is  not  found  in  the  spectrum.  In  fact,  it  has  been 
regarded  as  the  eighth  color  of  the  spectrum,  closing  the  circle  of  satu- 
rated colors.  Purple  is  of  especial  importance  in  the  examinatiou  of  the 
oolor-blind,  for  the  reason  that  it  forms  a  combination  of  two  fundamental 
colors — the  two  extreme  colors — which  are  never  confonnded  with  each 
other.  In  fact,  from  a  color-blind  point  of  view,  one  of  two  things  mnst 
happen,  according  to  the  theory:  either  it  excites  bot  one  kind  of  per- 
ceptive organ  or  it  excites  them  all.  It  appears  then  either  like  a  sim- 
ple color,  that  is  to  say,  like  one  of  the  two  colors  of  the  combination, 
or  like  white  (gray).  Experiment  has  confirmed  this  hypothesis.  Oar 
sample  colors,  therefore,  are  the  two  complementary  colors  of  each  other, 
green  and  purple.  In  the  examination  of  the  chromatic  sense  of  a  large 
number  of  individuals,  it  is,  of  coarse,  of  importance  to  decide,  first, 
whether  the  chromatic  sense  of  the  individual  is  or  is  not  normal.  It  is 
only  after  establishing  the  existence  of  a  defect  that  its  nature  or  degree 
must  be  determined.  The  sample  colors  are,  therefore,  employed  with 
more  advantage  in  a  certain  order,  as  the  t«st  must  be  accomplished  as 
a  whole,  according  to  a  plan  that  experience  has  proved  the  snrest,  most 
rapid,  and,  finally,  most  suitable  for  the  purpose. 

3, — TnB  EXAMINATION   AND  DIAGNOSIS. 

The  Berlin  wool  is  placed  in  a  pile  on  a  large  plane  surface  and  in 
broad  daylight;  a  skein  of  the  teat  color  is  taken  from  the  pile  and 
laid  aside  far  enough  from  the  others  not  to  be  confonnded  with  them 
duriug  the  trial ;  and  the  person  examined  requested  to  select  the  other 
skeins  most  resembling  this  in  color,  and  place  them  by  the  side  of  the 
sample.  In  the  first  place,  it  is  necessary  that  he  should  thoroughly 
understand  what  is  required  of  him;  that  is,  that  he  should  search  the 
pile  for  the  skeins  making  an  impression  on  his  chromatic  sense,  in- 
dependent of  any  name  he  mny  give  the  color,  similar  to  that  made 
by  the  sample.  The  examiner  should  explain  that  resemblance  in 
every  respect  ia  not  necessary;  that  there  are  no  two  specimens  exactly 
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alike;  that  the  only  qacstion  is  the  resemblance  of  the  color;  nnd  that 
consequently  he  must  endeavor  to  find  sbroethiDf;  similar,  of  the  same 
shade,  somethiug  lighter  and  darker  of  the  same  color,  eta  If  the 
person  cxamiDed  cannot  succeed  in  understanding  this  by  a  verbal 
explaaatioD,  we  must  resort  to  action.  We  mast  ourselves  make  the 
trial  by  searobiug  with  our  own  hands  for  the  skeins,  thereby  showing 
in  a  pntctical  manner  wbat  is  meant  by  a  shade,  and  then  rcstoriog  the 
whole  to  the  pile  except  the  sample  skein.  As  it  woold  require  much 
time  to  examine  each  individual  iu  this  way,  it  is  advisable,  when  ex- 
amining a  large  number  at  the  same  time,  to  instruct  all  at  once,  and 
moreover  to  ask  tbem  to  attentively  observe  the  examination  of  those 
preceding  them,  so  as  to  become  more  familiar  themselves  with  tbe 
process.  By  this,  time  is  saved,  without  loss  of  security  j  for  do  one 
with  a  defective  chromatic  sense  finds  the  correct  skeins  in  the  pile 
the  more  easily  from  the  fact  of  having  a  moment  before  seen  others 
looking  for  and  arranging  them.  He  makes  the  came  characteristic 
mistakes;  but  tbe  normal  observer,  on  the  other  hand,  generally  ac- 
complisbes  bis  task  much  better  and  more  quickly  after  having  seen 
bow  it  must  be  done,  and  this  is  the  advantage  of  our  method. 

Tbe  colors  mentioned  iu  this  chapter  are  divided  into  two  classes: 

Ist.  Tbe  aolozs  for  samples  (test  colors),  that  is,  those  presented  to  the 
persons  examined;  and 

2d.  Tbe  "  colors  ofconfmioH,"  that  is  to  say,  those  which  the  color-blind 
selects  from  the  heap,  because  he  confuses  tbem  with  that  of  tbe 
sample. 

T^T  I. — The  green  sample  is  presented.  This  sample  should  be  tbe 
palest  shade,  {the  lightest)  of  very  pnre  green,  which  is  neifber  a  yellow- 
green  nor  a  bloe-greeu  to  the  normal  eye,  but  fairly  intermediate  be- 
tween the  two,  or  at  least  not  verging  upon  yellowish  green. 

Rule. — The  examination  must  continue  until  the  one  examined  has 
placed  near  tbe  sample  all  the  other  skeins  of  the  same  shade,  or  else, 
with  these  or  separately,  one  or  several  skeins  of  the  class  correspond- 
ing to  the  "  colors  of  confusion,"  until  be  has  sufficiently  proved  by  his 
manner  of  doiug  it  that  he  can  easily  and  unerringly  distlDguisb  the  con- 
fused colors  or  until  he  has  given  proof  of  unmistakable  difficalty  in 
accomplishing  this  task.  , 

Diagnosis. — He  who  places  beside  the  sample  one  of  the  "  colors  of 
confusion,"  that  ia  to  say,  finds  that  it  resembles  tbe  "  test  color,"  is 
color  blind.  He  who,  without  being  quite  guilty  of  this  con  fusion,  evinces 
a  manifest  disposition  to  do  so,  has  a  feeble  chromatic  sense. 

BemarJc. — We  must  remember  that  we  cannot  allow  more  than  five 
colors  for  "confusion."  But  we  have  here  in  view,  not  every  kind  of  defec- 
tive color-sense,  but  only  those  important  iu  the  business  of  railways. 
Tbe  uumber  of  colors  allowed  is  therefore  sufficient,  as  these  are  tbe 
most  important  aud  most  common. 

Test  II. — A  purple  skein  is  presented.  Tbe  color  chosen  must  be 
between  the  deepest  and  lightest  shades  of  the  scale. 
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Bute. — The  trial  maat  be  contioaed  antil  the  one  examined  has  placed 
near  the  sample  all  or  the  greater  part  of  the  Bkeine  of  the  same  shade, 
or  else  simnltaneonBlj  or  separately  one  or  several  skeins  of  "confasion.'* 
He  who  selects  either  the  light  or  deep  shades  of  bine  and  violet  (es- 
pecially the  deep)  or  the  light  or  deep  shades  of  oue  kind  of  green  or 
gray  inclining  to  bine  has  committed  an  error. 

Diagnosis. — 1.  He  who  is  color-blind  by  the  first  test,  and  who,  npoD 
the  second  test,  selects  only  pnrple  skeins,  is  incompletely  color-blind, 

2.  He  who,  in  tbe  second  test,  selects  with  pnrple  only  bine  and  violet, 
or  one  of  them,  is  completely  red-blind. 

3.  He  who,  in  the  second  test,  selects  with  purple  only  green  and  gray, 
or  one  of  them,  is  completely  green-blind. 

BemarTe. — ^The  red-blind  nerer  ratifies  tbe  test  of  the  green-blind,  and 
vice  versa.  However,  It  happens  la  certain  cases  that  tbe  green-blind 
selects  a  violet  or  bine  skein,  bat  always  the  lightest  shades.  This 
shonld  not  affect  tbe  diagnosis.  The  examination  may  end  with  this 
test,  and  tbe  diagnosis  be  considered  as  perfectly  settled.  It  is  not  even 
necessary,  practically,  to  decide  whether  the  color-blindness  is  red  or 
green.  But  to  be  more  entirely  convinced  of  the  relation  of  complete 
color-blindness  with  the  signal  colors,  and  especially  to  convince,  if  neces- 
sary, the  railway  employes  and  others  who  are  not  specialists,  the  exami- 
nation may  be  completed  by  one  more  trial.  Tbe  one  we  are  going  to 
mention  is  not  necessary  to  the  diagnosis,  and  only  serves  to  corrobo- 
rate the  investigation. 

Test  III. — The  red  skein  is  presented  to  tbe  subject.  It  is  necessary 
to  have  a  vivid  red  color  like  the  red  flag  used  as  signals  on  railways. 

Bule. — This  test,  which  ia  applied  only  to  those  completely  color-blind, 
should  be  continued  until  the  fwrson  examined  has  placed  beside  the 
specimen  all  the  skeins  belonging  to  this  shade  or  the  greater  part  or  else 
separately  one  or  several  "colors  of  confusion."  The  red-blind  then 
chooses,  besides  the  red,  green  and  brown  shades  wbicb,  to  the  normal 
sense,  seem  darker  than  red.  On  the  otherhand,  the  green-blind  selects 
opposite  shades  which  appear  lighter  than  red. 

BemarTi. — Every  case  of  complete  color-blindness  discovered  does  not 
always  make  tbe  precise  mistakes  we  have  just  mentioned  in  the  preced- 
ing examinations.  These  exceptions  are  either  instances  of  persona 
with  a  comparatively  inferior  degree  of  complete  color-blindness,  or  of 
color-blind  persons  who  have  been  exercised  in  the  colors  of  signals,  and 
who  endeavor  not  to  be  discovered ;  they  therefore  usually  coufonud  at 
least  green  and  brown,  bat  even  this  does  not  always  happen. 

Additional  note. — We  hare  not  given  rules  for  discovering  total 
color- bliudness,  because  we  have  not  found  any  cases  of  this  kind.  If 
any  such  should  be  found,  they  will  bo  recognized,  according  to  the 
theory,  by  a  confusion  of  every  shade  having  the  same  intensity  of 
light.  TiolethUndneaa  will  be  recognized  by  a  genuine  confusion  of 
purple,  red,  and  orange  in  the  second  test.    The  diagnosis  should  be 
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made  with  disorimiQation.  The  first  test  ofteu  sbows  bine  to  be  a  "  color 
of  con  fusion ."  This  ma;,  in  certain  cases,  be  the  sign  of  violotbliDd- 
ness,  bntr  not  always.  We  have  not  thought  it  advisable  to  admit  defects 
of  this  kind ;  only  the  most  marked  cases,  that  other  examinations 
establish  as  violet  color-blindness,  sbonld  be  reckoned  in  the  statistics. 
Finally,  to  .icqaire  a  desirable  uniformity,  it  is  necessary  to  add  that  in 
the  prepiratory  examination,  it  Is  my  habit  to  indicate  in  the  Journal, 
especially  liopt  for  that  purpose,  cases  of  complete  color-blindness  by  2 
(2  B.,  2  G.,  2  v.),  those  of  incomplete  blindness  by  1,  and  those  of  feeble 
chromatic  sense  by  0.5  {0.5  E.,  0.5  G.,  0.6  V.)- 

4— PEAnnOAL  EnLBS  AND  SPECIAL  DIEEOTIONS   FOE    THE  CONDUCT 
OF  THE  TRIAL. 

The  method,  as  we  have  said,  plays  an  important  part  in  an  examina- 
tion of  this  kind,  not  only  from  the  principles  npou  which  it  rests,  but  also 
fixim  the  manner  in  which  it  is  used.  The  best  plan  for  directing  how 
to  proceed  is  by  oral  instractions  and  devisu;  but  here  we  are  obliged 
to  accomplish  this  by  description.  Now,  this  is  always  defective  in  some 
respects,  especially  if  we  wish  to  be  brief.  What  has  been  said  would 
evidently  suffice  for  au  intelligent  and  experienced  physician,  but  it 
may  not  be  superQuous  to  enter  still  further  into  detail  to  provide  against 
any  possible  difQculties  and  loss  of  time.  Theobject  of  the  examination 
is  to  discover  the  nature  of  a  person's  chromatic  sense.  Now,  as  the 
fate  of  the  one  to  be  examined  and  that  of  others  depend  npon  the 
correctness  of  the  judgment  pronounced  by  the  examiner,  and  that  this 
judgment  should  be  based  upon  the  manner  in  which  the  one  examined 
stands  the  trial,  it  is  of  importance  that  this  trial  should  be  truly  what  it 
ought  to  be,  a  trial  of  the  nature  of  the  chromatic  sense  and  nothing 
else,  an  end  that  will  be  gained  if  our  directions  are  strictly  followed.  It 
is  not  only  necessary  that  the  examiner  carefully  observe  them — which 
does  not  seem  to  us  difficult — but  that  he  also  take  care  that  the  indi- 
vidnal  examined  does  tboroagbly  what  is  reqoired  of  him.  This  is  not 
always  as  easy  as  one  might  suppose.  If  it  were  only  required  to  ex- 
amine intelligent  people,  familiar  with  practical  occupations  and  espe- 
cially with  colors,  and  with  no  other  interest  connected  with  the  issue  of 
the  examiuatiou  than  to  know  whether  they  are  color-blind  or  not,  the  ex- 
amination would  be  uniform  and  mechanical.  But  it  is  required  to  ex- 
amine people  of  various  degrees  of  culture,  all  of  whom,  besides,  have  a 
personal  interest  in  the  issue  of  the  examiuatiou.  Different  people  act 
very  differently  during  the  examination  for  many  reasons.  Some  submit 
to  it  without  the  least  suspicion  of  their  defect;  others  are  convinced  that 
they  possess  a  normal  sense.  A  few  only  have  a  conscioasness  or  at  least 
some  suspicion  of  their  defect.  These  last  can  often  be  recognized  before 
the  least  examination  by  keeping  behind  the  others,  by  attentively  follow- 
ing the  progress  of  the  trial,  but  if  allowed  willingly  remaining  to  the 
last.    Some  are  quick;  others  slow.    The  former  approach  unconcernedly 
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and  boldly;  the  latter  vith  over  anxiety  and  a  certain  dread.  The  lowest 
class  are  those  who  have  the  opposite  desire,  that  is,  to  pass  for  color- 
blind, althoagli  in  possession  of  normal  sight  We  will  speak  of  these 
later,  to  enable  us  now  to  devote  ourselves  to  those  who  undergo  the  trial 
in  good  faith,  or,  at  least,  with  the  desire  to  appear  normal,  even  al- 
though color-blind. 

In  the  tri^  it  is  especially  desirable  to  confine  the  range  of  selection 
to  the  lighter  shades  of  the  test  color  (say  green),  for  the  trial  would 
cause  great  loss  of  time  and  be  less  reliable  if  it  included  every  shade 
of  gruen.  lu  fact,  no  little  jndgraeut  has  been  exercised  in  the  selection 
of  the  very  lightest  shade  of  the  green  proposed  as  a  sample  color.  For 
it  is  exactly  what  the  color-bliuil  most  readily  confounds  with  the  paler 
shades  of  gi'ay,  drab,  sti-;iiv,  and  salmon-color.  If  the  subject  were 
allowed  to  depart  from  the  narrow  limits  established  by  the  trial,  it  would 
include  every  shade  of  green,  the  result  of  which  would  be  that  be  would 
prefer  to  select  all  the  vivid  shades,  and  thus  avoid  the  dangerous  ground 
where  his  defect  would  certainly  be  discovered.  This  is  why  it  is  neces- 
sary to  oblige  him  to  keep  within  certain  limits,  confining  him  to  pure 
green  specimens,  and.  for  greater  security,  to  recommend  him  to  select 
especially  the  lightest  shades.  What  we  have  jnat  said  of  green  applies 
also  of  course  to  purple. 

The  principle  of  our  method  is  to  force  the  one  examined  to  reveal, 
himself,  by  au  act  of  his  own,  the  nature  of  his  chromatic  sense.  Now, 
as  this  act  must  bo  kept  within  certain  limits,  it  is  evident  that  the  ex- 
aminer must  direct  him  to  a  certain  degree.  This  may  present,  in  certain 
cases,  some  difQcnlty,  as  be  will  not  always  be  guided,  and  does 
either  too  much  or  too  little.  In  both  cases,  the  examiner  shonld  use 
his  influence  in  order  to  save  time  and  gain  certainty,  and  this  is  usually 
very  easily  done.  This  intervention  is,  of  course,  intended  to  put  the 
examiner  iu  the  trae  path,  and  is  accomplished  in  many  ways  according 
to  the  case  iu  point. 

We  will  here  mention  some  of  the  expedients  we  have  found  useful ; 

A.  Interference  during  an  ejitended  selection. — It  is  not  always  e'asy  to 
confine  the  one  examined  within  the  limitsof  the  method.  He  easily  slips 
iu  the  first  test,  for  example,  a  yetlow-greeii  or  bine-green  skeinamong  the 
others,  and  as  soon  as  there  is  owe,  others  tollow  usually,  and  it  thns 
happens  that,  in  a  few  moments,  he  has  a  whole  handful  of  yetlow-green, 
a  second  of  bine-green,  a  third  of  both  these  shades  at  the  same  time. 
Our  process  has  assisted  us  in  more  than  one  case  of  this  kind. 

(a)  When  the  person  examined  has  begun  to  select  shades  of  one  orsev- 
eral  other  colors  than  those  of  the  sample,  his  ardor  is  arrested  by  taking 
from  him  the  baudful  of  skeins  he  has  collectedj  and  asking  him  whether 
his  eye  does  not  tell  him  there  are  one  or  several  which  do  not  match 
the  others,  iu  which  case  he  is  solicited  to  restore  them  to  the  pile.  He 
then  generally  remarks  thgt  there  is  some  obscuration,  and  proceeds  in 
one  of  the  following  manners: 
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1.  He  rejects  one  after  the  other,  the  foreign  Bhadea,  80  that  Ibe  correct 
remain,  which  is  often  only  the  sample  skeiD.  He  ia  shown  what  mistake 
he  has  made.  Names  are  nsed  to  remind  him  that  one  class  of  green 
may  be  yellow-greea  and  another  blue-green;  and  to  induce  litm  to 
avoid  them,  he  is  advised  only  to  select  skeins  of  the  same  shade  as  the 
specimen,  although  they  bo  lighter  or  darker,  and  have  neither  more 
yellow  nor  blue  than  that.  If  hia  first  error  ai-ose  ouly  from  a  miscon- 
ception or  want  of  practice  in  handling  colors,  lie  begins  generally  to 
understand  what  he  has  to  do,  and  to  do  properly  what  is  required  of  him. 

3.  Or  else  he  selects  and  rejects  immediately  the  skein  of  the  sample 
itself.  This  proves  that  ho  sees  the  difference  of  color.  He  is  then 
shown  the  skein  ns  the  only  correct  one,  ^nd  asked  to  repeat  the  trial  in 
a  more  correct  manner.  He  is  again  put  on  theright  track  as  just  before, 
and  the  trial  proceeds  rightly,  unless  the  error  arise  from  a  defect  in 
the  chromatic  sense.  Many  seem,  however,  to  experience  a  natural  diffi- 
culty in  distinguishing  between  yellow-green  and  blue-green,  or  the  dull 
shades  of  green  and  blue.  This  difficulty  is,  however,  more  apparent 
than  real,  and  is  corrected  usually  hy  direct  comparison.  If  the  method 
requiring  the  name  of  the  color  to  be  given  is  used,  a  number  of 
mistakes  .may  be  the  result.  If  a  skein  of  light  green  and  light  blue 
alone  are  presented  to  him,  asking  him  to  name  them,  he  will  often  call 
blue,  green,  and  green,  blue.  But  if  in  the  first  case  a  blue  skein  is 
immediately  shown  bim,  he  corrects  his  mistake  by  saying  this  is  blue 
and  that  green.  In  the  last  case,  it  happens  so  mutatis  mutandis.  This 
is  not  the  place  for  an  explanation.  It  must  suffice  to  say  that  the  error 
is  corrected  liy  a  direct  comparison  between  the  two  colors. 

There  is,  according  to  the  theory,  one  class  of  the  color-blind — violet- 
blind — who,  in  consequence  of  the  nature  of  their  chromatic  sense,  and, 
therefore,  notwithstanding  the  comparison,  cannot  distinguish  blue  and 
green.  But  our  method  has  nothing  to  do  with  this  class  of  the  color- 
blind, because  such  are  not  dangerous  on  railways. 

(6)  Anotlier  process. — If  the  one  examined  place  by  the  side  of  the  sam- 
ple a  shade,  fur  instance,  of  yellow  green,  the  examiner  places  near  this 
another  shade,  in  which  there  is  more  yellow,  or  even  a  pare  yellow,  re- 
marking at  the  same  time  that  if  the  first  suit,  the  last  must  also.  The 
other  usually  dissents  from  this.  He  is  then  shown,  by  selecting  and 
classing  the  intermediate  shades,  that  there  is  a  gradation  which  will 
diverge  widely  if  logically  carried  out  as  he  has  begun.  The  same 
course  is  followed  with  colors  of  the  blue  shades,  if  the  blae-greeu  were 
first  selected.  He  sees  the  successive  gradations,  and  goes  tbrongb 
with  this  test  perfectly  if  his  chromatic  sense  is  correct. 

To  ascertain  further  whether  he  notices  these  additions,  or  the  tints  of 
yellow  and  blue  in  the  green,  we  can  take  ourselves  the  yellow-green  and 
blue-green  to  ask  him  if  he  finds  this  to  be  so.  We  can  judge  by  his 
answer  of  his  sense  with  regard  to  these  shades,  and  the  object  of  this 
investigation  is  accomplished. 
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It  resalte  from  all  tbis  tbat  many  who  are  finally  considered  to  have 
a  normal  chromatic  sense  may  occasionally  caoee  embarrasameDts.  In 
tbe  main,  the  normal  observer  of  this  kind  canaes  greater  loss  of  time 
than  tbe  color-blind.  It  is  astonishing  to  see  with  what  rapidity  tbe 
color-biidd  betray  their  defect.  At  least,  it  is  found,  in  the  majority  of 
the  cases  examiDed  by  as,  tbat  tbe  first  skeio  of  wool  selected  from  tbe 
pile  by  tbe  color-blind  in  the  first  test  was  one  of  the  "colors  of  con- 
fnsioD." 

B.  Intervention  daring  a  restricted  choice. — Those  who  evince  too  great 
slowness  also  require  the  interferences  of  the  examiner  in  another  man- 
ner. We  can  lay  aside  here  those  cases  in  which  at  tbe  sight  of  the 
complex  colors  of  tbe  heap  of  wool,  the  examined  finds  it  diEBcult  to 
select  a  skein  resembling  the  sample  in  a  collection  where  all  the  particu- 
lar colors  seem  to  differ  from  each  other,  and  in  conseqaence  declares  im- 
mediately that  be  can  find  none  resembling  the  specimen.  It  is  replied 
that  an  absolute  resemblance  is  not  demanded,  and  that  do  one  asks 
impossibilities,  that  time  is  limited,  many  are  waiting,  etc  But  there 
are  people  who  from  natural  slowness,  from  being  nnaccastomed  to  such 
bnsiness,  from  fear  of  making  mistakes,  and  especially  if  previously  ex- 
amined and  snspected  of  color-blindness,  or  from  many  other  motives, 
proceed  with  tbe  greatest  eantion ;  they  do  not  even  wish  to  tonoh  the 
wool,  or  they  search,  select,  and  replace  with  the  greatest  care  all  the 
possible  skeins  without  finding  one  corresponding  with  the  sample,  or 
that  they  wish  to  place  beside  it.  Here  then  are  two  coses:  on  one  hand, 
too  mnch  action  with  the  fingers,  without  result;  on  tbe  other,  too  little 
effort.    The  examiner  is  forced  to  interfere  in  both  cases. 

[a)  At  the  time  of  a  too  great  manual  action  without  corresponding 
practical  result,  the  examiner  must  be  careful  that  the  eye  and  band  act 
simnltaneously  for  the  accomplishment  of  the  desired  end. 

Some  people  forget  tbnt  the  hands  should  be  subservient  to  the  eye 
in  this  trial,  and  not  act  independently.  Thus  they  are  often  seen  to  fix 
tbeir  eyes  on  one  side  while  tbeir  hands  are  engaged  on  the  other. 
This  should  be  corrected  so  as  to  save  time  and  avoid  further  labor. 
When,  from  the  manoal  activity  of  the  one  examined,  or  by  the  nnob- 
eerved  aid  of  the  examiner,  all  the  correct  skeins  or  only  a  portion  are 
found  in  the  pile,  it  is  wise  to  stop  and  invite  the  former  to  cross  his 
hands  behind  his  back,  to  step  back  a  pace,  and  quietly  consider  all  the 
skeins,  and,  as  soon  as  his  eye  has  met  one  of  those  for  which  he  is  look- 
ing, to  extend  his  hand  and  take  it.  The  best  plan  is  to  advise  him  to 
look  first  at  the  sample  and  then  at  the  pile,  and  to  repeat  this  maneuver 
until  his  eyes  find  what  he  is  looking  for. 

This  stratagem  generally  sacceeds  when  nervousness  from  over-anxiety 
causes  his  hands  to  tremble.  But  it  is  not  always  easy  to  induce  him 
to  keep  his  bands  behind  his  back  until  the  moment  for  taking  the  skein 
in  question. 

{b)  In  coses  of  great  caution,  the  trial  is  hastened,  if  Uie  examiner 
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come  to  tbe  assistaoce  of  the  other  by  holding  above  the  pile  one  skein 
after  the  other,  and  requesting  him  to  say  whether  it  resembles  tbe  color 
of  the  sample  or  not.  It  will  be  advisable  first  to  select  the  skeius  that 
a  color-blind  person  would  approve.  If  be  is  so,  he  will  approve  of  the 
selection,  and  the  gnestion  ia  settled.  If  not,  he  rejects  them,  not  with* 
oat  a  ofaaracteristio  smile,  or  with  an  expression  of  wounded  dignity. 
This  also  enlightens  us  as  to  his  chromatic  sense.  Bat  even  the  color- 
blind may  in  sach  a  case  refuse  what  is  presented,  especially  if  his  caa- 
tioD  ia  premeditated,  and  he  suspects  that  a  snare  is  intended.  It  is 
foand  quite  frequently  that  he  rejects  the  correct  shades  likewise  pre- 
sented with  tbe  others.  This  is  not  the  case  when  one,  having  a  normal 
chromatic  sense,  is  slow  and  deliberative  when  subjected  to  the  test 
under  this  form.    He  has  an  eye  alive  to  the  correct  colors. 

One  process,  in  caises  of  tbis  last  kind,  is  to  select  false  samples  which 
are  placed  quite  near  the  correct  one,  by  the  side,  above  or  below,  to 
attract  the  attention  of  the  examined  from  the  right  side.  It  is  necessary 
so  to  proceed  that  the  true  sample  be  displaced  when  the  others  are 
drawn  out,  so  that  the  petsoa  examined  may  see  it  move.  It  does  not, 
however,  always  happen  to  catch  his  eye.  The  best  means  ia  then  to 
make  him  examine  the  whole,  with  his  hands  behind  his  back,  and  invite 
bim  to  freely  make  bis  choice.  But,  whatever  the  process,  it  is  neces- 
sary, in  every  case  where  one  has  been  assisted  in  selecting  a  certain 
number  of  skeins  which  he  has  found  analogous  to  the  sample  color,  to 
make  a  rule  not  to  conclude  the  trial  without  examining  into  tbe  effect 
of  tbe  aid  accorded.  It  is  necessary  to  hold  in  the  hand  the  approved 
package,  and  ask  if  he  is  satisfied  or  if  he  would  desire  any  change.  If 
he  approve  the  choice,  the  diagnosis  is  established.  The  same  course 
mast  be  pursued  with  the  defective  chromatic  sense,  that  the  trial  may 
be  made  with  or  without  assistance.  To  be  thorough,  the  name  given 
by  the  color-blind  to  tbe  colors  in  question  may  be  likewise  asked. 

In  cases  where  any  one  suspected  of  color-blindness  has  remained 
some  time  to  see  the  trial  of  others,  and  where,  as  often  happens,  he 
has  remarked  the  samples  belonging  to  a  required  green  shade,  he  may 
of  course  profit  by  it  in  his  own  trial.  But  this  can  be  prevented  by 
furtively  concealing  one  or  two  of  these  samples.  If  he  seem  to  be  dis- 
posed to  confound  green  and  gray,  it  will  be  very  easy  to  entrap  him. 
If  we  do  not  succeed,  even  when  assisting  him,  in  entrapping  him  in 
tbis  snare,  the  hidden  samples  may  be  put  back  into  their  places,  to  be 
convinced  that  tbe  trial  is  correct. 

From  tbe  above,  it  is  seen  that  many  artifices  maybe  necessary  in 
onr  examination.  It  may  be  regarded  as  an  advantage  of  our  method 
that  it  has  at  command  a  great  variety  of  resources.  We  have  by  no 
means  mentioned  all;  and  yet  many  who  have  only  read  this  descrip- 
tion will  probably  reproach  ns  with  having  devoted  ourselves  too  much 
to  details  which  seem  to  them  puerile.  Bub  we  believe  that  those  who 
have  examined  the  chromatic  sense  of  a  great  number  of  persons,  and 
acquired  thereby  considerable  experience,  will  think  differently. 
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5.— APPBECIATIOM  OP  THE  CAPACITY  OF  EKAMIHEES. 

The  method  of  scrutiay  here  described  is  abie  to  detect,  as  we  have 
seen,  not  only  oompletoor  iocomplete  cotor-blindDess,  but  a  feeble  cbro- 
matic  sense.  Moreover,  it  has  been  proved  that  there  is  a  perfect  grada- 
tion from  complete  color-bliudoess  on  the  one  aide  to  the  normal  chro- 
matic perception  on  the  other.  The  qaestioo  tbcii  aatarally  arises,  from 
our  practical  point  of  view,  whether  it  is  possible  to  draw  a  dividing 
line  between  the  kinds  and  degrees  of  defective  color- vision  which  wonld 
except  those  who  coald  not  canse  any  inconvenience  to  the  railway  ser- 
vice, and,  in  case  of  an  afBrmative  answer,  where  such  limit  is  lo  be 
found. 

It  must  first  be  remembered  that  in  the  existing  state  of  things,  these 
questions  neither  can  nor  onght  to  be  settled  in  the  same  manner  in 
every  case,  since  the  examination  is  intended  for  individuals  of  two  dif- 
ferent classes:  1st,  the  aspirants  for  railway  employment;  and,  2d,  the 
employes,  or  those  already  in  service. 

A.  Aspirants. — We  must  bear  in  mind  that  in  Sweden,  accordiog  to 
'  the  regulation  in  force  there  for  the  management  of  state  railways  (fol- 
lowed also,  as  far  as  we  know,  on  the  private  lines),  it  is  required  that, 
in  order  to  be  admitted,  each  applicant  "prove  by  a  certificate  from  a 
physician  that  he  is  exempt  from  any  kind  of  infirmity,  disease,  or  defect 
of  couformation  that  conid  be  prejudicial  to  the  exercise  of  his  functions," 
and  also,  that  amonj^  these  defects  of  conformation,  in  connection  with 
signals,  are  reckoned  the  defects  of  the  chromatic  sense,  to  which  the 
managers  have  especially  directed  the  attention  of  the  physicians  at- 
tached to  the  lines. 

According  to  the  principles  we  have  stated,  the  greatest  severity 
should  be  observed  in  this  case,  or,  in  other  terms,  the  least  defect  in  the 
sense  of  colors  should  be  a  sutScient  ground  for  rejection. 

B.  Persons  already  in  service. — We  must  here  ask  ourselves  if  there 
is  no  necessity  to  modify  the  limit  we  have  just  traced,  in  order  to  carry 
out  the  principle  we  stated  before,  namely,  that  it  is  necessary  to  adopt 
less  severe  rules  to  eliminate  from  the  service  those  who  are  already 
employed.  Wo  here  encounter  great  difficulties,  and  it  will  be  seen  that 
it  is  not  possible  to  settle  the  question  summarily,  that  is,  that  a  well- 
defined  limit  cannot  be  traced.  In  such  coses,  the  physician  shonld 
always,  when  he  discovers  a  defect  in  the  chromatic  sense,  give  aoerti- 
flcate  which  should  indicate  its  nature.  These  indications  include,  as  we 
have  already  said,  the  diagnoses  :  complete  redbUndness,  complete' green- 
blindjiess,  incomplete  eolor-blindneas,  or  a/eeble  chromatic  sense. 

We  are  convinced  that  every  case  of  complete  color-blindness  of  both 
kinds,  as  well  as  every  case  of  incomplete  of  the  higher  degrees,  should 
be  immediately  dismissed.  But  as  regards  those  who  may  be  retdined, 
it  is  clear  that  the  first  question  concerns  those  who,  at  the  time  of  the 
trial,  were  regarded  in  the  diagnosis  only  as  having  a  feeble  chrotnatio 
sense,  and  then  those  who  in  the  first  test  merely  confound  gray  with 
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the  sample  color.  But  we  do  DOt  venlnre  to  lay  tbis  down  as  a  priuciple, 
for,  if  it  should  be  proved  that  these  iDdividaals  can  generally  distiDguish 
the  light  of  colored  lanterns  with  sufiQcient  accnraoy,  this  does  not  prove 
that  it  is  so  in  ever;  case,  and  espeoially  not  at  every  distance  reqaired 
in  the  eervioe.  Tbis  is  why  we  know  nothing  better  to  ailvise  than  to 
refer  all  such  cases  to  competent  specialists,  as  long  as  the  transition 
period  of  which  we  have  spoken  lasts. 

In  the  examination  of  doubtful  cases  submitted  to  my  judgment,  I 
determined  according  to  several  of  the  methods  mentioned  in  one  of  the 
preceding  chapters.  In  general,  these  persons  were  all  sabjected  to  a 
trial  according  to  the  methods  of  Seebeck  and  of  Maxwell,  and  an  exami- 
nation by  means  of  the  visual  perimeter  and  of  colored  shadows,  as  well 
as  the  lanterns  of  my  invention  and  colored  glasses.  Ibese  last  means 
have  capacity  especially  in  view,  and  they  are  very  soitable  for  the  ob- 
ject, when  it  is  desired  to  investigate  those  who  have  been  already  dis- 
covered, by  my  method  of  Berlin  wool,  as  having  a  defective  chromatic 
sense. 

The  light  of  colored  lanterns  and  illuminated  scrfaces  generally,  con- 
veniently arranged  and  methodically  used,  may  serve  especially  in  such 
cases  to  enlighten  na  as  to  the  faculty  of  the  person  examined  for  appre- 
ciating colored  signals.  Our  experiences  of  this  kind  have  shown  us  that 
the  majority  of  color-blind  railway  employes,  however  mach  practice  they 
have  had,  are  utterly  incapable  of  recognizing  and  distinguishing  the- 
regulation  colors  of  lanterns,  especially  when  they  are  employed  in  the 
shades  which  are  not  mostcommouly  innseinthe  service.  This  applies 
not  only  to  the  completely  red  and  green  blind,  but  also  to  the  incom- 
pletely blind.  These  last  require  the  most  circumstantial  investigation, 
and  it  is  not  to  be  assumed  that  the  lower  degreescan  stand  the  trial ;  tbey 
may  often,  it  is  true,  distinguish  the  signal-lights  at  a  short  distance 
with  sufficient  accuracy,  but  they  do  not  succeed  at  a  comparatively 
greater  distance.  As  the  places  where  the  trials  are  usually  made  do 
not  command  sach  distances  as  railways  for  observing  signals,  signal- 
lights  cannot  of  course  be  used  for  these  trials.  Th  ey  are  replaced  by 
small  illuminated  surfaces,  which,  seen  from  a  suitable  distance,  produce 
exactly  the  same  effect  as  lanterns  at  a  great  distance.  Such  surfaces 
are  made  by  placing  a  screen  with  a  suitable  opening  covered  with  a 
colored  glass  before  the  flame  of  a  lamp.  This  is  enough  to  show  how 
to  dispose  of  the  case  in  question. 

6.— SFFOHTS  TO  OONCBAI,  OB  10  PSION  C0L0E-BLINDNES3. 

We  have  announced  that  none  of  the  kinds  of  color-blindness  we  have 
in  view  in  this  work  could  escape  discovery  by  our  method.  But  this, 
of  course,  assnmes  that  the  subject  does  his  best  in  the  trial  and  acts  in 
good  faith.  If  it  happen  that  one  persists  either  in  concealing  a  conscious 
eolor-blindness  or  for  some  other  motive,  in  not  giving  the  least  informa- 
tion by  act  or  word  it  is  evident  that  the  examination  mnst  &il  from  this 
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simple  reason,  and  that  it  is  impossible  to  draw  any  positive  couclusion 
witb  regard  to  his  chromatic  sense.  The  examiDer  may  in  such  a  case 
mention  uncouditiondlly  in  the  certificate  that  the  one  examined  refused 
to  sabmit  to  the  asual  examination. 

It  is  not  difficult  to  say  how  it  is  necessary  to  act  with  regard  to  sncfa 
persons.  It  should,  in  fact,  be  to  the  interest  of  each  one  possessing 
normal  sight,  desiroua  of  entering  the  service  of  railways,  etc.,  to  eu- 
deavor  to  be  competent  in  every  respect,  and  consequently  to  give  mani- 
fest proof  of  his  sense  of  colors.  The  color-blind  alone  have  any  interest 
in  concealing  their  defect ;  therefore  be  endeavors  to  escape  the  trial. 
Every  candidate  who  will  try  to  avoid  the  prescribed  trial  most  there- 
fore be  considered  and  treated  as  color-blind.  Such  obstinacy  ou  tlie 
part  of  an  employ^  must  be  considered  and  treated  as  an  infraction  of 
the  regulations. 

But  cases  may  arise  also  in  which  those  possessing  normal  sight  will 
feign  color-blindness,  and  act  as  if  they  were  so  affected.  This  may  occur 
when  some  one  wishes  to  receive  a  i^ensioa  before  the  time,  or  else  to 
escape  punishment  consequent  npou  an  nnespected  accident.  These 
are  just  the  very  cases  that  put  the  method  and  perspicacity  of  the 
examiner  to  the  test.  The  examination  then  assumes  the  character 
of  a  kind  of  criminal  inquest,  where  the  judge  and  the  accused  must 
give  all  the  attention  of  which  they  are  capable  to  their  reciprocal  acts 
aud  expressions,  to  try  to  entrap  each  other.  The  one  examined  tries  to 
prove  that  he  is  color-blind,  while  the  examiner  endeavors  to  prove  that 
he  has  normal  sight.  The  prospect  of  coming  off  victorious  iu  so  singu- 
lar a  contest  rests,  in  the  last  resort,  with  him  .who  best  understands  the 
nature  of  color-blindness,  and  has  most  experience  id  the  manner  in 
which  the  color-blind  act.  To  enable  the  pretender  to  deceive  the  ex- 
aminer, it  is  absolutely  necessary  that  he  surpass  the  latter  in  knowl- 
edge of  color-blindness.  There  is  in  this  an  element  of  success  t4)  the 
examiner,  as  it  would  be  extremely  rare  to  find  a  railway  employ^  or 
sailor  who  woald,  uuder  the  circumstances  mentioned,  be  subjected  to 
an  examination  by  a  person  inferior  to  himself  in  knowledge.  It  is  clear, 
IB  fact,  that  an  examination  so  difficult,  bo  minute,  and  involving  so 
much  responsibility,  should  be  confided  to  the  most  competent  iwrsou 
possible.  Bat  it  is,  on  the  other  hand,  very  improbable  that  a  case 
should  occur  where  it  would  be  necessary  that  a  learned  and  experienced 
specialist  would  have  to  submit  to  an  examination. 

In  the  flret  place,  examinations  of  this  kind  must  rarely  occur,  and 
when  they  do,  it  must  be  at  least  in  the  most  difficult  cases,  that  is  to  say, 
after  an  accident — under  circumstances  where  the  one  examined  has  not 
had  much  time  to  study  his  parr.  It  will  generally  be  seen  then  that  be 
has  not  a  profound  knowledge  of  the  nature  of  color-blindness,  but 
imagines  it  to  be  a  difficulty  or  incapacity  to  distinguish  signal  colors  or 
colors  in  general.  He  will,  therefore,  be  governed  by  this  idea,  and, 
either  he  will  perfectly  distinguish  every  other  color  so  as  to  mistake  only 
the  signal -colors,  or  else  he  will  believe  he  must  confound  no  matter  what 
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color.  But,  as  we  have  seen,  each  kiod  of  color- bltudDess  follows  laws 
as  fixed  as  the  nornial  sease.  Such  a  stratagem  will  BOt  fail  to  violate 
them,  and  the  individual  will  be  caught  in  the  very  act. 

But  there  is  absolutely  nothiug  which  opposes  tbe  supposition  that 
this  individual  may  have  a  certain  knowledge  of  the  nature  of  color- 
blindnesa,  or,  at  least,  that  he  may  have  an  idea  of  its  regularity  with 
regard  to  the  confusion  of  colors.  He  may  have  studied  the  proofs  we 
have  cited,  and,  owing  to  the  exercise  and  observation  of  tbe  color-blind, 
be  will  know  how  to  perform  them  in  a  manner  suitable  to  tbe  object  in 
view.  The  examiner  has  always,  however,  the  choice  of  other  sample 
colors,  and  the  Berlin  wool  method  affords  a  large  choice.  If  that  does 
not  suCBce,  and  the  individual  has  learned  from  tbe  truly  color-bliud 
to  classify  tbe  whole  collection  of  wool  according  to  their  chromatic 
sense,  that  is  to  say,  that  he  can  stand  the  trial  according  to  Seebeck'a 
method,  and  if  he  is  so  thorough  ia  his  part  that  there  is  do  means  of 
making  him  depart  from  it  by  abrupt  or  contradictory  questions,  the 
examiner  may  employ  for  the  examination  a  number  of  other  known 
methods,  but  probably  unknown  to  our  individual.  It  must  not  be  for- 
gotten here  that  it  is  generally  easier  to  discover  faults  committed  by 
others  than  to  avoid  being  guilty  of  them  one's  self,  and  one  must  be 
profoundly  familiar  with  his  borrowed  part  not  to  be  guilty  of  iuconsist- 
eucies.  With  regard  to  feigning  a  certain  kind  of  color-blindness,  we 
know  by  onr  experience  with  regard  to  this,  that  it  is  a  very  difficult 
thing,  and  scarcely  ever  succeeds  before  an  attentive  and  experienced 
examiner.  All  these  circumstaoces  are  advantageous  for  the  examiner, 
but  bis  Buperiority  is  not  limited  to  this.  For  if  it  sboald  happen — an 
extremely  improbable  thing — that  a  pretender  were  familiar  with  all  the 
known  tests  and  methods,  and  besides  had  not  less  practice  than  talent 
jQ  executing  tbem  as  accurately  as  the  color-blind,  the  examiner  has, 
nevertheless,  tbe  power  of  inventiug,  owing  to  his  special  knowledge, 
new  teats,  and  of  varying  those  already  known. 

Besides  the  precaution,  which  must  not  be  neglected,  of  conducting 
the  examination  in  tbe  presence  of  expert  and  competent  persons,  there 
ia  an  especial  means,  which,  while  being  certain  of  preventing  all  frau- 
dalent  attempts,  judges  tbe  accnsed  in  the  usual  manner,  that  is,  by  the 
testimony  of  two  persons.  These  two  witnesses  should  be  two  color- 
blind of  the  same  kind  as  that  feigned  by  the  examined.  If  these  two 
individuals  are  first  subjected  separately  and  independently  of  each 
other  and  the  jiseudo-color-blind,  to  the  same  trial  as  he,  let  the  results 
be  noted  down  carefully,  and  then  the  whole  three  together,  and  It  will 
then  soon  be  seen  how  the  case  stands  with  one  individual.  The  two 
color-blind  will  in  this  manner  give  the  necessary  testimony  without 
resting  npon  the  discretion  of  the  examiner.  This  manner  of  proceeding 
must,  faowever,  be  employed  with  caution  and  discrimination,  as  the 
conformity  between  two  color-blind  of  the  same  class  ia  not  absolutely 
perfect  in  every  respect.  The  result  must,  therefore,  always  be  made  t» 
burmiiuize  by  the  explanation  of  the  examiner. 
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It  is  an  iuteresting  fact  in  reference  to  the  dependence  of  one  class, 
at  least  of  onr  knowledge,  on  seiisatiOD,  that  many  persons  are  born  with 
defective  vision  and  yet  remain  for  years  of  their  lives  without  being 
coDsciouB  of  the  deUciency.  We  know  a  gentleman  who  had  probably 
been  always  Dear  sighted,  but  who  did  not  discover  the  peculiarity  of 
his  vision  until  the  age  of  twenty-five,  when  it  was  accidentally  made 
known  by  looking  at  a  distant  object  through  a  concave  lens.  Many 
persons  whose  eyes  are  sound  and  capable  of  exercising  the  most  deli- 
cate functions,  are  permanently  unable  to  distinguish  certain  colors. 
And  the  number  of  such  persons  is  much  more  considerable  than  wo 
would  be  led  to  imagine  Irom  the  little  attention  this  defect  of  vision 
has  excited.  It  is  often  unknown  to  the  individual  himself,  and  indeed 
only  becomes  revealed  by  comparing  his  powers  of  discriminating  dif- 
ferent coloors  with  those  of  other  persons.  The  eye  also  under  some  cir- 
cnmstauces  may  lose  its  sensibility  for  particular  colors,  or  be  thrown 
into  such  an  uousnal  state  as  to  present  all  objects  to  the  mind  under 
the  appearance  of  a  false  color.  Thus  if  a  person  tooksfixcdly  fora  time 
at  a  bright  red  objexst  and  theu  turns  his  eye  to  a  white  wall,  he  will 
perceive  a  green  image  of  the  red  object  depicted  on  the  white  surface. 
A  lady  of  our  acquaiutance  was  once  thrown  into  an  alarming  but  laugh- 
able paroxysm  of  terror  by  an  eftect  of  this  kind.  She  had  been  lor  some 
hours  attentively  sewing  on  a  bright  crimson  dress,  when  her  attention 
was  directed  towards  her  child,  who,  in  its  sport,  had  thrown  itself  on 
the  carpet;  its  face  appeared  of  the  most  ghastly  hue,  and  the  affrighted 
mother  screamed  in  agony,  that  her  child  was  in  couvulsions — the  othtr 
inmates  of  the  house  hastened  to  her  assistance,  bat  they  were  surprised 
to  find  the  little  one  smiling  in  perfect  health.  The  sanity  of  the  mother 
became  the  natural  object  of  solicitude,  until  the  effect  was  properly  re- 
ferred to  the  impression  made  on  her  eye  by  the  crimson  doth. 

Phenomena  of  this  kind  ave  known  by  the  name  of  accidental  colors ; 
they  have  long  attracted  the  attention  of  the  natural  philosopher,  but 
the  explanation  of  them  is  still  involved  iu  considerable  uncertainty. 
The  hypothesis  which  has  been  most  generally  adopted  is  that  the  eye 
by  long  attention  to  a  particular  color,  becomes  fatigued  with  this  and 

*  I.  Obeervatiooe  on  colour  blirdaess,  or  iDHeoHitiility  to  the  impreasion  of  certain 
colonra.    By  S;r  David  Brewster,  K.  U.,  &o.  Pbilosopbical  Magazioe. 

2.  Meniuir  on  D:ilt«Disiii,  (or  col'mr  MiDitoeas.)  By  M.  Elie  Wattmann,  Piofewor  of 
Nuturul  Fliilosupby  iu  ttiu  Academy  uf  LunsaDtiL',  &c.    Scientilic  Meuioira. 
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is  incapable  after  a  tiino,  of  distinctly  perceiving  it ;  while  it  retains  its 
fall  power  of  perception  in  reference  to  a  fresh  .color.  The  cnDse<]ue.nce 
of  tbi»  is  that  when  the  eye  is  directed  to  a  white  surface,  after  baviDg 
attentively  regarded  a  red  object,  green  mast  appear;  because  white 
may  be  considered  as  a  compound  of  red  and  green,  and  when  the  per- 
ception Oi  the  red  ia  destroyed,  the  green  must  become  visible.  This 
explanation,  however  well  it  may  apply  to  some  of  the  pbenoraena,  is 
not  sufficient  for  the  whole.  Accidental  colors  can  be  perceived  in  the 
eye  itself  in  perfect  darkness.  This  ia  shown  by  steadily  regarding  for 
a  abort  time  a  brilliant  lamp,  and  then  covering  the  eyes  with  the  hunds 
so  as  to  exclude  all  external  light,  a  luminous  spot  will  be  perceived 
which  passes  in  succession  through  all  the  colors  of  the  rainbow. 

Of  the  real  cause  of  these  appearances  we  are  aa  yet  almost  entirely 
ignorant.  Professor  Platean,  of  Ghent,  has  indeed  referred  them  all  to  a 
few  simple  principles,  but  these  appear  to  us  rather  expressions  of  the 
law  of  snocession  of  the  phenomena,  than  physical  explanations  of  them. 
Wedo  not  however  at  this  time  intend  to  dwell  on  this  class  of  phenomena, 
but  to  give  a  saccinct  account  of  ehose  peculiaritiea  of  vision,  Id  wbioh 
abnormal  perceptions  of  color  are  permanent,  and  which  are  fully  treated 
of  in  the  memoira,  the  titles  of  which  stand  at  the  head  of  this  article. 

The  pecoliarity  of  vision  called  eolorUindness,  and  sometimes  Dalton- 
Urn,  may  generally  be  referred  to  two  classes.  I.  Those  in  which  all  im- 
pression of  color,  except  white  and  black,  are  wanting.  2.  Those  ia 
which  the  individual  can  perceive  certain  simple  colors,  but  is  not  able 
properly  to  distinguish  between  them.  There  are  persona,  strange  as  it 
may  appear,  in  whom  the  sense  of  primary  color  is  entirely  deficient, 
and  who,  in  place  of  red,  yellow  and  blue,  see  uothing  but  different 
degreea  of  white  and  black.  Professor  Wartmann  gives  a  number  of 
cases  of  this  kind.  The  most  ancient  of  those  he  finds  described,  is  that 
by  Dr.  Tuberville,  in  1G84,  of  a  woman,  of  about  32  years  of  age,  who 
came  to  consult  the  Dr.  about  her  sight,  which,  thoagh  excellent  in  other 
respects,  gave  her  no  impression  in  reference  to  color,  except  white  and 
black.  Spnrzbeim  mentionsa  family,  all  the  membersof  which  could  only 
distinguish  diQ'erent  sbades  of  white  and  black  An  account  is  given  by 
Mr.  Huddart  of  a  shoemaker,  in  Cnmberland,  who  could  distinguish  indif- 
ferent colors  only  a  greater  or  less  intenslly  of  light,  calling  all  bright 
tints  white  and  all  dull  ones  black.  His  pecnliarity  of  viaiou  was  unknown 
to  him  until  oneday,whiIe  a  boy,  playing  in  the  street,  he  found  a  stocking, 
and  for  the  first  time,  was  struck  with  the  fact  that  it  was  called  by  his 
companions  red,  whereas  to  bis  mind  it  was  ciipable  of  no  farther  descrip- 
tion than  that  designated  by  the  word  stocking ;  he  was  thus  led  to  con- 
clude that  there  was  something  else  besides  tbe  form  and  position  in  the 
leaves  aud  fruit  of  acherry  tree,  perceived  by  his  playmateabnt  not  seen  by 
himself.  Two  of  his  brothers  bad  the  same  imperfection,  while  two  other 
brotherB,hi9  sisters,  and  other  relatives,  had  the  usual  condition  of  vision. 

Of  theotber  class,  the  cases  are  mncb  more  numerous ;  we  shall,  how- 
ever, give  only  a  few  examples.     Mr.  Harvey,  of  Plymouth,  mentions  a 
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tailor  who  coald  see  in  the  raiabow  bat  two  tints,  namely,  yellow  and 
bright  bine.  Bkcb  appeared  to  him  Id  general,  green,  sometimes  crlm- 
80D— light  bine  appeared  like  dark  bine,  crimBon,  or  black — green  waacon- 
fbnndedwithblackandbrowD— carmine,  red,  lake,  and  crimson  with  blae. 

Bat  the  most  interesting  case  of  this  liind,  is  that  of  the  celebrated 
chemical  philosopher,  Dr.  Dalton,  of  England.  He  published  an  aceonnt 
of  his  own  case  and  that  of  several  others,  in  the  Transactions  of  the 
Manchester  Society,  in  1701.  Of  the  seven  colors  of  the  rainbow,  he 
could  distinguish  but  two,  yellow  and  bine ;  or  at  most,  thiee,  yellow, 
bine,  and  purple.  He  saw  no  difierence  between  red  and  green;  so 
that  be  thoaght  the  color  of  a  laurel  leaf  the  eame  as  lliat  of  a  stick  of 
red  sealing-wax.  Astoryistoldof  his  having,  on  one  occasion,  appeared 
at  the  quaker  meeting,  of  which  he  was  a  member,  in  the  usual  drab 
coat  and  small-clothes  of  tbe  sect,  with  a  pair  of  flaming  red-colored 
Btockiuga  to  match.  Whatever  may  he  tbe  truth  in  reference  to  this 
Btory,  wehave  the  assertion  of  Professor  Whewell,  that  whenQr,  Dalton 
was  asked  with  what  he  would  compare  the  scarlet  gown  with  which  he 
had  been  invested  by  the  university,  be  pointed  to  tbe  trees,  and  declared 
that  he  perceired  no  difference  between  the  color  of  his  robe  and  that  of 
their  foliage.  Dr.  Dalton  found  nearly  twenty  persons  possessed  of  the 
same  iiecnliarity  of  vision  as  himself;  and  among  the  number,  the  cele- 
brated metaphysician,  Dugald  Stewart,  who  could  not  disttngntsb  a 
crimson  fruit,  like  the  Siberian  crab,  from  the  leaves  of  tbe  tree  on  which 
it  grew,  otherwise  than  by  the  difference  in  its  form. 

On  account  of  the  prominence  which  Mr.  Dalton's  publication  gave  this 
defectofvi8ion,thecontinental  philosophers  gaveit  the  aameof  Daltonism. 
To  this  name,  however,  several  British  writers  have  strongly  objected.  If 
this  system  of  names  were  once  allowed,  say  they,  there  is  no  telling  where 
it  would  stop,  the  names  of  celebrated  men  would  be  connected,  not  with 
their  superior  gif^  or  achievements,  but  with  the  personal  defects  which 
distinguish  them  from  their  more  favoured  but  less  meritorious  cotempo- 
raries.  Professor  Whewell  proposed  tbe  term  Idiopta,  signifying  peculi- 
atity  of  vision;  but  tothisnameSirUavid  Brewster  properly  objected,  that 
tbe  important  consonant  p  would  be  very  apt  to  be  omitted  in  ordinary  pro- 
nnnciation,  and  so  the  last  state  of  theldiopt  would  be  worse  than  the  first. 
The  name  colorblindness,  suggested  by  Sir  David,  although  not  in  all 
cases  free  from  objection,  is  perhaps  better  than  any  wefaaveseeuproposed. 

It  has  already  been  stated  that  the  number  of  persons  aflected  with 
color-blindness,  is  much  more  considerable  than  is  generally  imagined 
They  are  often  themselves  ignorant  of  their  imperfection  of  vision,  par- 
ticularly when  it  is  restricted  to  tbe  want  of  power  to  discriminate 
between  colors  nearly  related  to  each  other.  Professor  Seebeck  found 
five  cases  among  the  forty  boys  whocomposed  tbe  two  upper  classes  of  a 
gymnasium  of  Berlin.  Professor  Prevost,  of  Geneva,  stated  that  they 
amounted  to  cue  in  twenty;  and  Professor  Waitmann  does  not  tbink  this 
estimate  much  exaggerated. 

Observations  on  this  peculiarity  of  vision  have  as  yet^been  confined, 
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BO  far  as  we  koow,  to  Europe,  with  the  exception  of  two  cases  described 
by  Dr.  Hays,  of  Philadelphia,  in  the  Proceedings  of  the  American  Philo- 
sophical Society.  It  has  also  as  yet  been  found  only  among  the  white 
race,  although  sufficient  observations  have  not  been  made  to  render  it 
probable  that  it  is  confined  to  this  variety  of  the  hnman  family.  The 
qaestion  has  been  asked,  whether  there  is  any  external  sign  by  which 
to  detect,  with  simple  inspection  of  the  visnal  organ,  a  case  of  color- 
blindness.  Professor  W^artmann  remarks,  that  be  would  not  venture  to 
give  an  answer  to  this  qaestion  in  all  cases  in  the  negative.  I  have 
observed,  says  ho,  in  the  case  of  Baltonians  whose  eyes  are  brown,  of 
the  color  which  the  English  call  hazel,  a  golden  lustre  of  a  peculiar 
tint,  when  the  eye  was  viewed  under  an  incidence  of  some  obliquity. 

Color-blindness  is  found  much  more  common  among  men  than  women. 
Out  of  one  hundred  and  fifty  registered  cases,  there  are  but  six  of  females, 
and  one  of  these  is  doabtful.  It  has  been  conjectured  that  needle-work 
on  a  variety  of  colored  articles,  might  be  the  means  of  counteracting  the 
tendency  to  this  defect,  as  well  as  to  produce  a  delicacy  of  discrimina- 
tion of  different  shades  of  color  not  possessed  by  those  otherwise  em- 
ployed. But,  in  answer  to  this,  it  has  been  remarked,  that  in  the  caae 
of  Daltonians  engaged  in  painting,  there  has  been  found  but  tittle,  if  any 
improvement  of  condition  of  the  visionj  and  the  very  employment  of  the 
females  on  works  which  require  a  constant  comparison  of  color,  would 
Oaily  reveal  cases  of  blindness  of  this  kind,  did  it  frequently  exist  in  the 
female  sex.  This  peculiarity  of  vision  is  principally  congenital.  Pro- 
fessor W,  has  found  but  two  exceptions.  In  one  of  these,  colors  were 
perceived  in  the  usual  manner,  until  at  the  ninth  year,  when  at  that  time 
the  boy  received  a  violent  blow  on  the  head,  which  fractured  the  skull, 
and  rendered  surgical  operations  necessary.  The  fact,  however,  that 
three  of  the  brothers  of  this  individnal  were  affected  with  the  same  kind 
of  vision,  renders  it  probable  that  he  was  constitutionally  predisposed  to 
this  peculiarity. 

With  regard  to  hereditary  predisposition  there  are  some  i)ersoiis  in 
whom  this  defect  of  visiou  occurs,  whose  relatives  have  never  been 
known  to  be  affected  with  it;  others  appear  to  have  inherited  it  &om 
their  fathers  tbrongb  several  generations,  both  on  the  maternal  and 
paternal  side.  The  boy  before  mentioned,  as  becoming  blind  at  the  age 
of  nine  years,  was  the  eldest  of  eleven  children,  seven  males  and  four 
females ;  these  were  singularly  divided  into  two  sets,  one  of  which  con- 
sisted of  individuals  with  blond  hair,  and  all  the  males  with  defective 
vision ;  the  other,  of  those  with  red  hair  and  ordinary  power  of  vision. 

Dr.  Seebeck,  as  well  as  Professor  Wartmann,  has  made  a  series  of 
experiments  to  determine  whether  a  person  of  this  peculiarity  of  vision 
possesses  the  power  of  perceiving  differences  in  colors  which  appear 
identical  to  us.  The  result  of  the  investigations  of  both  these  philoso- 
phers was  that  he  does  not.  Another  problem  has  also  been  solved  by 
the  last  mentioned  gentleman,  in  reference  to  the  difference  between  a 
person  with  this  defective  vision,  and  oneof  ordinary  conditioned  sight,  in 
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the  perception  of  complementary  colors.  He  foand  that  colors  which 
ve  regard  as  complementary,  or  snoh  as  when  mingled  together  prodace 
white,  do  not  appear  as  snch  to  those  affected  with  abnormal  vision. 
They  are  not  however  iusensible  to  accidental  colors,  bat  the  teeliog 
which  results  from  the  fatigue  of  attempting  to  produce  these  appears  to 
be  more  painful  in  them  than  in  us. 

Various  hypotheses  have  been  advanced  "by  different  persons  for  the 
explanation  of  color-bliuduesB.  Mr.  Dalton  supposed  that  bis  peculiarity 
of  vision,  as  well  as  that  of  those  whom  he  had  examined,  depended  ou 
the  foct  that  the  vitreoas  or  principal  humour  of  the  eye,  in  these  cases, 
instead  of  being  colorless  and  transparent  was  tinged  with  a  blue.  After 
his  death,  in  obedience  to  his  own  instruction,  his  eyes  were  examined 
by  his  medical  attendant,  Mr,  Kansome,  but  the  vitreous  humour  was  not 
found  to  exhibit  any  tinge  of  bine;  on  the  contrary,  it  was  of  a  pale 
yellow  color.  Objects  viewed  through  it  were  not  changed  in  color  as 
they  should  bare  been  had  the  hypothesis  been  trne.  Indeed,  were  the 
supposition  correct,  the  same  effect  should  be  produced  by  blue  specta- 
cles, which  is  known  not  to  be  the  case. 

Stewart,  Herscbel  and  others  are  of  the  opinion  that  this  malady  of 
vision  is  attributable  to  a  defect  in  the  aensorium  itself,  which  renders 
it  incapable  of  appreciating  the  differences  between  the  rays  on  which 
the  sensation  of  color  depends.  Sir  David  Breweter  conceives  that  the 
eye,  in  the  case  of  color-blindness,  is  insensible  to  the  colors  at  one  end 
of  the  spe«trnm,  jast  as  the  ear  of  certain  persons  is  insensible  to  sounds 
at  one  extremity  of  the  scale  of  musical  notes,  while  it  is  perfectly  sen- 
sible to  all  other  sounds.  He  knows  nothing  about  the  setisorium  or  its 
connection  with,  or  mode  of  operation  upon,  the  nerves  of  sensation;  and 
from  the  analogy  of  sight  and  hearing,  be  has  no  hesitation  in  predicting 
that  there  may  be  found  persons  whose  color-blindness  is  confined  to 
one  eye,  or  at  least  is  greater  in  one  eye  than  in  the  other.  Nor  is  this, 
says  be,  wholly  a  conjecture  from  analogy,  for  my  own  right  eye,  though 
not  a  better  one  than  the  left,  which  has  no  defect  whatever,  is  more 
sensible  to  red  light  than  the  left  eye.  The  case  is  precisely  analogous 
with  respect  to  his  ears,  for  certain  sounds;  and  no  person,  it  is  pre- 
sumed, will  maintain  that  there  is  a  sensorinm  for  each  ear  and  each  eye. 

Whatever  may  be  the  cause  of  the  inferiority,  there  exists  a  very  easy 
means  of  rectifying  it  to  a  certain  extent.  This  method,  first  used  by  Dr. 
Seebeck,  consists  in  viewing  colored  ohjucts  through  colored  media. 
Snppose  the  medium  to  be  a  piece  of  red  glass ;  the  impression  of  a  re<l 
body  and  of  a  green  one  on  the  eye  of  a  person  like  Dr.  Dalton,  woald 
be  different,  although  with  the  naked  eye  they  would  be  the  same.  The 
red  glass  would  intercept  much  more  of  the  light  of  the  green  object 
than  of  the  red  one,  and  heuce  the  two  would  be  readily  distinguishable 
by  a  difference  in  the  intensity  of  the  illumination  of  the  two  objects. 
Nothing  can  equal  the  surprise,  says  Professor  Wartmaun,  of  a  Dalton- 
taw  when  the  errors  which  he  commits  every  day  in  the  appreciation  of 
colors  are  thus  disclosed  to  him.  ,  .  , 


EEPORT  ON  THE  TRANSACTIONS  Of  THE  GENEVA  SOCIETY  OF 
PHYSICS  AND  NATURAL  HISTORY,  FROM  JUNE,  1874,  TO 
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By  E.  PLAitTAMonB,  PreMent, 
TraoBlated  for  the  Smithsonian  Instltation  b;  M.  L.  Duncan. 


Oentleuen  :  I  shall  conform  to  the  establislied  usage  of  treating,  in 
the  first  part  of  tbis  report,  qnetttioDB  relating  to  the  inemtiership  and 
adminis^ation  of  onr  society,  and  of  giving,  in  the  second  part,  a  succinct 
etatemect  of  its  scientific  labors. 

Oar  society  haa  met  tbis  year  with  a  very  great  loss  in  the  death,  at 
Oeneva,  March  7,  1873,  of  Br.  Chossat;  if  medical  science  baa  lost 
in  bim  one  of  its  most  dfstiogaished  representatives,  we  havB  also  to 
mocm  a  colleagne  who  felt  the  liveliest  interest  in  the  labors  of  the 
society,  in  which,  from  1830,  he  took  an  active  part,  and  of  which  he 
became  president  in  1863,  and  for  many  years  punctually  attended  its 
meetings.  The  great  repotation  of  Ohossat's  works  extended  far  beyond 
the  confines  of  Geneva,  and  exercised  a  remarkable  iofioence  on  the 
ecience  to  which  he  bad  devoted  himself;  he  was,  so  to  speak,  better 
known  abroad  tbao  in  his  own  conntry,  where  he  was,  without  doubt, 
fully  appreciated  by  his  associates  of  the  Society  of  Medicine  and  Physics, 
but  where,  however,  the  infloence  and  consideration  he  enjoyed  among 
bis  couotrymcn  had  not  reached  the  level  of  bis  repotation  abroa<l. 
Being  myself  unacquniuted  with  the  science  cattiYiited  by  Dr.  Chossat,  it 
would  be  very  difficult,  if  not  impossible,  for  me  to  give  an  even  imper- 
fe<St  account  of  his  labors  and  life,  without  having  recourse  to  the  assist- 
ance of  a  more  competent  person  ;  it  is  to  the  kindness  of  our  colleague, 
Dr.  J.  L.  Provost,  that  I  am  indebted  for  the  following  notice: 

Dr.  Charles  Etienne  Jacqaes  CLossat,  born  at  Carouge,  April  30, 179C, 
was  descendetl  from  a  French  family  originally  from  the  environs  of 
Valence,  who  had  taken  refuge  in  Geneva,  in  consequence  of  the  relig- 
ious persecutions  so  cruelly  waged  in  the  C6vennes  in  the  eighteenth 
century.  Chossat  first  studied  with  Pestalozzi,  and  ou  leaving  the  In- 
stitat  d'Tverdon,  continued  his  studies  at  the  Academy  of  Genera. 
While  still  young  he  evinced  a.  very  decided  taste  for  the  natural  sciences 
nod  medicine,  which  latter  be  intended  to  embrace.  In  1S13,  Chossiit, 
then  seventeen  years  of  age,  would  have  been  enrolled  in  the  Guard  of 
Honor  (gardes  JAojiMCwr),  if  his  fiither  liad  not  entered  him  as  a  student 
of  theology,  either  at  Geneva  or  Montauban.    This  decision  was  entirely 
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autagoaistic  to  the  scientific  tastes  of  Cbossat,  who,  while  attending  the 
leotnre-room  of  theolog;  to  please  his  parents,  was  secretly  studying 
anatomy,  aoder  the  auspiees  and  direetiou  of  Dr.  Goindet,  then  at  the 
head  of  the  Hospital  of  Geneva,  who  gave  him  aceess  to  his  library  and 
to  the  hospitaL  In  1S15,  after  having  obtained  the  degree  of  bachelor  of 
sciences,  Ohossat  left  for  Paris,  where  he  zealously  devoted  himself  to 
the  medical  and  physiological  (jcienees,  nnder  the  auspices  of  Magendie, 
his  instractor,  and  at  a  later  date  his  friend.  In  addition  to  his  medical 
6tadies,he  assiduously  attended  courses  of  lectures  on  physics,  by  Gay- 
LnssacandBiot;  on  chemistry,  by  Tb^nard;  on  comparative  anatomy,  by 
Cnvier;  on  astronomy,  at  the  observatory,  by  Arago;  and  on  the  differen- 
tial and  integral  calculus  and  applied  mechanics,  by  Lacroix  and  Foisson. 
These  numerous  studies  did  not  prevent  him  from  nndertakiog  original 
researches,  for,  in  1817,  he  published  his  first  memoir,  "On  the  relation 
of  the  sine  of  refraction  to  the  refracti^  media  of  the  eye" ;  and  the  year 
following  a  second  memoir,  "On  the  curvature  of  the  media  of  the  ej/e." 

United  by  ties  of  friendship  with  one  of  his  former  school  compan- 
ions, Dr.  J.  K  Provost,  from  Edinburgh,  Obossat  made  with  him,  in 
the  coarse  of  the  same  year  (1818),  a  great  namber  of  experimental 
researdies  on  death  by  cold  and  on  the  mechanism  of  refrigeration — 
experiments  briefly  stated  in  his  thesis  for  the  degree  of  doctor,  which 
was  the  object  of  bis  labors  for  the  year  1819. 

In  1820  he  presented  to  the  Academy  of  Sciences  a  memoir  "On  the 
influenee  of  the  nemoiM  system  on  animal  heat."  In  this  work,  which  he 
made  the  subject  of  his  thesis,  and  which  confirmed  the  former  researches 
of  Brodie  and  Legallois,  he  attributed  to  the  ganglionie  norvons  system 
the  power  of  dbectly  developing  heat,  independently  of  the  combustioii 
exercised  by  respiration.  Bis  conclusions  are  not  all  now  admitted,  bat 
the  facts  observed  were  exact,  and  only  their  interpretation  has  varied 
since  then. 

After  having  received  the  degree  of  doctor  in  1820,  Cbossat  passed 
severalmocthsinEnglandiWherehis  scientific  researches,  already  known, 
caused  him  to  be  kindly  welcomed  by  Brodie,  Astley  Cooper,  Aber- 
nethy,  Hamphrey  Davy,  et  al.  He  visited  the  fealties  of  Edinburgh  and 
Dublin,  and  then  returned  to  Geneva,  whence  he  soon  set  out  as  private 
physician  to  an  Austrian  countess,  with  whom  be  traveled  for  several 
years  in  Germany,  France,  and  Switzerland,  and  in  the  south.  Duriug 
these  travels  he  made  prolonged  sojourns  in  the  most  important  cities, 
passing  all  his  winters  in  Italy,  which  he  learned  to  know  throughly. 
Meanwhile,  however,  he  did  not  abandon  stndy  and  experiment;  it  is 
in  &ct  to  this  period  that  we  trace  several  of  his  works.  It  was  dot. 
ing  a  long  stay  at  Pisa,  in  1821,  that  he  completed  a  memoir  "  On  the 
analysis  of  the  urinary  funetiofts,"  in  which  he  sought  experimentally  the 
circumstances  in  man  influencing  the  secretion  and  composition  of  urine. 
This  very  important  memoir,  which  contains  new  and  nnmeroDS  observa- 
tiouB,  won  the  prize  for  experimental  physiology  at  the  Academy  of 
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Sciences  in  1825,  and  was  inBerted  the  same  year  in  Magendic's  Jonrnal 
of  Fbysiology.  It  was  at  the  same  time,  during  his  winter  residence  id 
Kome,  Florence,  und  Kaples,  that  he  began  Lis  experimental  researches 
OQ  ioanitioQ,  a  work  to  which  he  consecrated  several  years  of  diligent 
labor. 

In  1828,  Uhossat,  leaving  Italy,  returned  to  establish  himself  perma- 
nently in  Geneva,  where  he  was  married ;  from  that  period  he  divided  bis 
time  between  the  duties  of  his  practice  and  his  scientific  labors.  Besom- 
ing bis  studies,  and  pursaing  them  with  indefatigable  perseverance, 
he  presented  in  1838,  to  the  Academy  of  Sciences,  bis  researches  "  On 
inanition^ — a  work  remarkable  from  the  importance  of  the  results 
obtained  and  the  inflnence  it  soon  exercised  on  the  dietetics  of  ncnte 
diseases.  A  short  time  after,  this  memoir  gained  the  prize  for  experi- 
mental physiology,  which  won  for  its  author,  from  the  year  184C,  the 
title  of  corresponding  member  of  the  Academy  of  Medicine  of  Paris, 
and  in  I860  the  cross  of  the  Legion  of  Honor.  In  this  work,  Chossat  col- 
lected and  grouped  the  results  of  bis  researches,  some  of  which  bad 
already  been  stated  in  several  notes  adiiressed  to  the  Academy  of  Sci- 
ences. He  studied  the  influence  of  the  deprivation  of  aliment  in  gen- 
eral, and  showed  that  an  animal  dies  when  it  has  lost,  on  an  average, 
0.4  of  its  initial  weight  With  varm-blooded  animals,  the  integral  loss 
Beems  to  be  independent  of  the  class  to  which  the  subject  under  experi- 
meot  belongs,  as  well  as  of  the  normal  weight  of  its  species.  This 
average  figure  of  OA  for  the  adult  animal  varies,  however,  in  its  already 
quite  extended  limits,  according  to  the  strength,  age,  and  obesity  of  the 
subject  With  a  very  fat  animal,  the  loss  might  be  increased  to  0.5, 
while  with  the  yoong  It  can  scarcely  exceed  0,2.  The  author  also  very 
carefully  studied  the  diminution  of  temperature  caused  by  inanition. 
These  data  are  of  essential  importance  in  the  treatment  of  diseases,  by 
Bhowing  the  lujnrioas  iuflaence  of  tco  restricted  a  diet 

Chossat  then  studied  the  influeuce  of  the  deprivation  of  nitrogenous 
food  by  subjecting  animals  to  an  exclusively  sugar  diet,  as  well  as  the 
influence  on  the  skeleton  of  mineral  inanition,  or  of  the  deprivatioo  of 
saline  substances. 

It  is  impossible  to  give  here  even  an  incomplete  summary  of  an  au- 
thoritative work,  justly  become  classic,  and  one  of  the  chief  sources  of 
Ohossat's  fame.  In  this  work,  as  in  all  his  other  researches,  Chossat 
distinguishes  himself  by  a  remarkable  scientific  conscientiousness,  a 
minute  exactness  in  his  experiments,  and  a  careful  and  trntbful  analy- 
sis of  facts.  The  author  excludes  every  donbtful  fact ;  and  it  is  only 
after  convincing  himself  of  his  accuracy  by  new  researches  that  be  draws 
conclusions.  "  In  brief,"  said  Chossat,  and  it  is  in  this  way  he  ends  his 
memoir,  "  inaniftaiJon  *  is  a  cause  of  death,  which  marches  silently  and 

'See  OD  the  sabjeot  of  inani Italian  the  following  note,  p.  9  of  the  luentoir;  "I  find 
myself  regreCfnlly  obliged  to  iaroDt  a  uevr  term,  thoogh  according  to  grammatical 
analogy,  toeiipreea  the  gradaal  passage  of  the  body  to  a  state  which  is  only  really  inani- 
tiaa  at  ita  close.    InanitioD  is,  correctly  speaking,  bnt  tbn  end  of  inanitiatloQ." 
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abreast  with  every  disease  in  which  the  alimeDtation  is  not  in  a  normal 
condition.  It  reaches  its  Dataral  limit  sometimes  sooner  and  sometimes 
later  than  the  diseafe  it  silently  accompanies,  and  may  then  become  the 
principal  disease  in  instances  where  it  was  at  first  but  symptomatic.  It 
might  be  recognized  by  the  degree  of  the  destrnction  of  the  mnscular 
fibers,  and  its  actnal  importance  measared  each  moment  by  the  relative 
weight  of  the  body," 

Constantly  occapied  with  the  task  of  verifying  and  completing  his 
researches,  Chossat  undertook  the  study  of  osteomalacy  by  saline  inani- 
tiation,  when  in  1842  be  was  invited  to  constitute  one  of  the  board  of  pub* 
lie  instractioQ.  Carrying  Into  these  new  fnoctions  all  the  zeal  and  perse- 
Terance  which  characterized  him,  he  was  obliged  to  abandon  his  original 
scientific  reaearuhes.  Appointed  in  1846  member  of  a  commission 
charged  by  the  department  of  pnblio  instraction  to  organize  a  system  of 
Instruction  for  the  industrial  and  commercial  classes  of  the  canton  of 
Oeneva,  he  drew  up,  as  reporter,  a  detailed  memoir,  the  conclusions  of 
which,  logically  dednced,  were  applied  at  a  later  date. 

In  1848,  the  board  of  pnblio  instruction  was  dissolved,  and  Chossat 
retired  again  Into  private  life,  bnt  the  time  he  was  obliged  to  devote  to 
a  large  practice,  and  the  fatigne  attending  it,  forced  bim  reluctantly 
to  renounce  bis  original  labors,  which  he  felt,  he  said,  that  be  had  no 
longer  the  timeand  strength  to  continue  in  a  regular  manner.  Although 
be  gave  up  writing,  be  still  contiuned  to  oocnpy  himself  with  the  most 
varied  scientiflo  and  literary  subjects.  Tlie  taste  for  reading,  which  he 
indulged,  finally  became  a  veritable  passion,  and  even  in  the  last  years 
of  bis  life  he  kept  himself  informed  of  all  the  principal  scientific  discov- 
eries, not,  however,  neglecting  for  this  the  ancient  writers,  especially 
Plato,  upon  whom  he  loved  to  meditate. 

Attached  by  an  organic  disease  of  the  stomach,  which  made  rapid  pro- 
gressin  a  body  worn  out  by  intellectual  and  physical  labors,  Chossat 
awaited  bis  end  with  restgoation,  preserving  his  faculties  to  the  lost 
moment  sufficiently  to  be  able  to  announce,  himself,  to  his  family,  some 
hours  before  dying,  the  precise  moment  of  his  death.  This  distingnisbod 
scientist  died  March  7,  1875,  in  the  seventy-ninth  year  of  his  age. 


The  society  had  to  award  this  year  the  prize  founded  by  A.  P.  De  Can- 
doUe.  The  prize  was  adjudged  to  Professor  Hadlbofer,  of  Munich,  for 
a  monograph  on  the  Sapindaceous  family. 

The  second  part  of  volume  xxiii  of  the  memoirs  of  our  society  ap- 
peared during  the  course  of  last  autumn;  the  first  part  of  volnme  xsiv 
is  now  in  press,  and  includes  the  second  part  of  the  memoir  of  Messrs, 
de  Loriol  and  Pellat. 

The  Geological  Society  of  France  having  communicated  its  desire  to 
meet  in  Geneva  in  1875,  to  hold  there  a  portion  of  its  annual  session, 
the  society  appointed  a  committee,  composed  of  MM.  Alphonse  and 
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Ernest  Favre,  de  Loriol,  de  Saassare,  and  Soret,  to  arrange  tbis  mat- 
ter. This  comiuittee,  wbich  had  the  power  of  adding  new  members, 
was  commissioned  to  take  measures  for  the  leceptioo  of  the  Geological 
Society  during  its  stay  in  Geneva. 

b^um£  of  scibhtifio  wobe. 

1.  Physical  sciences. — Professor  Golladon  read  before  us  a  memoir  in- 
serted in  No.  212  of  the  Archives  dea  Sciencea  Physiques  et  Naturdles 
(Archives  of  the  Physical  and  Katural  Sciences),  Octolier,  1874,  on  the 
vestiges  of  a  former  bed  of  the  Arve,  discovered  by  digging  for  the  found- 
ations of  the  new  theater.  The  excavations  made  on  this  occasion,  at 
the  foot  of  Che  terriiees  of  Treille  and  Tertasse,  disclosed  the  presence 
of  a  bank  of  gravel  and  sand  from  2,1  to  2.5  metres  (7  to  8  feet}  in  depth, 
lying  on  a  bed  of  clay  whose  upper  surface  is  0.85  meti-e  (33  inches)  below 
the  mean  level  of  the  waters  of  the  lake  at  the  present  time.  The  orienta- 
tion of  the  stones  and  pebbles  forming  this  bank  indicates  that  it  must 
have  been  deposited  by  a  current  flowing  from  the  southeast  toward  the 
northwest,  and  the  chemical  and  mineralogicat  composition  of  the  sand 
is  absolutely  identical  with  that  of  the  sand  now  drifted  by  the  Arve, 
and  proceeding  from  the  rocks  forming  the  chain  of  Mont  Blanc.  There 
can  then  be  no  doubt  that  at  the  era  when  this  deposit  was  formed,  the 
Arve  emptied  into  the  Bhone,  very  near  its  Issue  from  the  lake,  and 
within  the  inclosnre  of  the  present  city,  whereas  the  confluence  is  now 
more  than  a  kilometer  (about  a  mile)  down  stream.  The  existence  of 
this  bank  of  gravel  and  sand,  at  different  points  of  the  plain  of  allu- 
vium, comprised  between  the  city  and  the  present  bed  of  the  Arve,  had 
already  been  established  on  several  occasions  ;  and  it  might  therefore 
be  concluded  that  the  direction  of  the  cnrrent  of  the  lower  portion  of 
the  Arve  has  gradually  changed  in  the  course  of  centuries,  and  that 
after  flowing  by  the  foot  of  the  bill,  on  which  the  moat  ancient  part  of 
the  city  ia  built,  the  river  emptiea  into  the  Ebone  at  the  foot  of  tbe  bill 
on  which  the  forest  of  Bade  ia  found.  The  era  to  which  the  deposit  of 
gravel  mentioned  by  M.  Uolladon  dates  back  does  not  appear  to  be  very 
remote,  not  exceeding  twenty  or  thirty  centuries,  as  within  the  interior 
of  these  ancient  strata,  which  have  never  been  touched,  are  found  frag- 
menta  of  bricks,  and  even  pieces  of  wrought  iron  very  much  rusted. 
The  fact  that  the  upper  sarface  of  this  deposit  is  about  1.5  metres  (o 
feet)  above  the  mean  level  of  the  waters  of  the  lake  at  this  present 
time  ia  mentioned  by  M.  Golladon  aa  proof  that  this  level  must  have 
been  sensibly  higher  by  at  least  two  metres  (CJ  feet)  at  the  period  of  its 
formation. 

Dr.  F.  Florel  communicated  a  memoir,  inserted  in  No.  205  of  tho  Ar- 
chives, January,  1875,  on  the  configuration  of  the  bottom  of  Lake  Le- 
man,  in  accordance  with  the  four  maps  of  the  topographical  atlas  of 
Switzerland,  published  by  the  Federal  Bureau  of  the  Staflf  Office.  These 
four  m.Tps,  drawn  on  a  scale  of  tsJuu,  according  to  tho  notes  and  sound- 
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iDgs  taken  by  the  engineer,  M.  Ph.  Qoaset,  Include  tbe  3viBs  bank 
of  the  lake,  from  Saint  Snlpice  to  Saint  Saphorin,  with  the  opposite 
bank  and  the  intermediary  basin,  which  attains  at  tbia  place  its  greatest 
depth  of  334  metres  (1,000  feet)  below  the  surface.  The  same  namber  of 
the  Archives  contains  a  memoir  of  M.  Ed.  Pictet-Mallet,  read  before  the 
society  during  its  session  of  January  7, 1875,  and  relating  to  an  analo- 
gons  subject.  M.  Pictet  Maltet  undertook  the  task  of  representing  on 
a  chart,  projected  on  a  scale  of  xaimr'  *"'!  traced  with  contoar-cnrves 
at  equidistant  levels  of  5  metres,  (16  feet]  tbe  configuration  of  the  bottom 
of  the  lower  part  of  Lake  Leman;  that  is,  the  space  comprised  between 
Coppet,  Hermaooe,  and  Geneva.  The  portion  of  this  work  nearest  the 
city  is  not  yet  completed,  but  it  contains  a  thorough  discussion  of  tbe 
advantages  and  disadvaut;)ges  of  the  different  methods  that  may  be 
followed  in  the  operation  of  soundings,  and  quite  singular  details  about 
the  inequalities  of  bottom  presented  by  the  lake  in  the  portion  that  has 
been  explored. 

M.  Plantamour  gave  a  summary  of  the  observations  relating  to  tbe 
variations  of  the  level  of  the  lake  during  the  year  1874.  By  the  indica- 
tions of  the  limnimeter  of  tbe  Jardin  Anglais  (English  Garden),  tbe 
mean  annual  level  was  within  two  millimetres,  (one  twelfth  of  an  inch), 
the  same  as  that  deduced  from  tbe  thirty-six  preceding  years,  bat  with 
a  greater  annua)  variation  than  usual,  say  1.69  metres  [67  inches),  instead 
of  1.44  metres  (57  inches).  From  February  to  June,  tbe  level  wns  below 
the  mean ;  the  absolute  minimum  occurred  on  tbe  10th  and  11th  of  March, 
and  was  9  centimetres  (4  inches)  below  the  mean  annual  minimum. 
Per  oon^a,  from  July  to  October,  tbe  level  was  above  tbe  mean,  and 
the  absolnte  maximum  exceeded  by  16  centimetres  (6  inches]  the  mean 
level  of  high  stages  of  water.  The  gauges  established  at  two  other 
points  of  the  canton  of  Geneva,  at  S^heron  and  Qentbod,  and  at  three 
other  points  on  the  Yandois  shore,  Ouchy,  Yevey,  and  Ohillon,  the  daily 
readings  of  which  were  transmitted  by  tbe  engineer  of  the  canton  of 
Yandois,  (M.  Qonin,)  admitted  of  a  comparison  being  made  from  day  to 
day,  and  from  month  to  month,  of  tbe  level  of  the  lake  on  the  rigbtsbore 
along  its  entire  length ;  the  zeros  of  all  the  scales  of  the  gauges  having 
been  made  to  correspond  in  the  operations  of  running  the  level  of  Snits- 
erlaud.  By  these  observations  it  is  ascertained  that  the  inclination  of 
the  lake  is  almost  insensible  from  its  upper  extremity  to  IJ  kilometres  (1 
mile)  above  tbe  city  of  Geneva,  the  admitted  level  at  S^heron  being 
during  the  entire  year  within  a  few  millimetres  the  sameasat  Vevey  and 
Ohillou,  and  the  chance  depressions  shown  by  tbe  deviations  among  the 
heights  observed  on  tbe  same  day  from  one  extremity  to  the  other  be- 
ing very  small  and  limited  to  a  few  centimetTes.  From  S^heron  to  the 
limnimeter  of  the  Jardin  Anglais,  the  slope  is  very  appreciable,  as  might 
have  been  ex|iecte<l  Irom  tbe  existence  of  a  very  sensible  uurrent  in  the 
immediate  vicinity  of  the  city;  moreover,  tbe  inclination  varies  with  the 
season ;  it  is  very  slight  in  winter,  and  at  the  opening  of  spring,  at  the 
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time  of  low  water,  and  it  is  from  5  to  C  ceittimetrcs  (2  inches]  greatfr  ia 
snoimer  at  tbe  time  of  high  water.  If  the  level  of  the  water  is  sensibly 
the  same  duriug  the  whole  year  at  Obilloo,  Vevey,  and  S^cberon,  the 
observations  taken  at  Ouchy  show  a  level  lower  by  2  centimetres  ( 1  ineb), 
and  at  Gentbod,  on  tbe  contrary,  higher  by  2  ceutimetrec,  tbo  difference 
recnaiDiugatsosensibly  constant  during  the  whoteyear  1874.  The  obser- 
vations taken  in  the  three  preceding  years  at  Chillon,  Vevey,  and  Ouchy 
cooflrm  the  coustant  depression  of  level  at  the  latter  place  relatively  to 
the  other  two.  It  would  appear  difficult  to  attribute  this  anomaly  to 
errors  in  the  agreement  of  tbe  zeros  of  tbe  different  scales;  yet  new 
measures  of  verification  will  be  taken  to  put  tbe  fact  itself  beyond  all 
question. 

M.  PlaDtamour,  id  conjunction  with  Professor  Hirscb,  presented  the 
results  of  the  latest  operations  of  leveling;  these  results  are  recorded 
in  tbe  fifth  number  of  tbe  Topogra2>by  of  Switzerland,  published  by  tbe 
Federal  Geodetic  Oommission. 

Professor  Thury  presented  a  memoir  on  photometry,  and  on  an  astro- 
nomical photometer  of  his  own  invention  ;  this  memoir  was  inserted  ia 
No.  202  of  thejirefttoes,  November,  1874.  Professor  Thury 's  photometer  is 
constructed  upon  tbe  system  of  the  extinction  of  the  hght  of  a  star,  an 
extinction  produced  by  the  reduction  of  the  aperture  of  the  object-glass 
by  the  help  of  a  diaphragm,  or  by  the  reflection  of  pencils  of  rays 
by  a  system  of  mirrors.  The  diaphragm  in  this  apparatus  consists  of 
16  tbio  rectangular  plat«s,  capable  each  of  sliding  in  the  direction  of 
Its  length  and  in  the  direction  of  tbe  center  of  the  object-glass.  By  a 
very  ingenious  mechanism,  the  movement  of  these  IG  plates  Is  so  co-ordi- 
nated that  their  small  interior  sides  form  a  regular  polygon,  tbe  diame- 
ter of  which  can  vary  from  zero  to  the  diameter  of  the  object-glass.  In 
«rder  to  prevent  the  incoaveniences  resulting  &om  false  disks,  produced 
by  too  great  a  diminution  of  the  aperture  of  the  objective,  a  diminution 
^hicb  might  be  necessary  to  bring  about  the  extinction  of  a  brilliant 
fitar,  Professor  Tbury  has  reconrse  to  the  interposition  of  one  or  two 
black  mirrors  perfectly  plane,  and  receiving  tbe  incident  ray  at  an  angle 
of  4o(^,  Tbe  extinction  of  tbe  light  can  be  produced  either  by  the  dimi- 
outiOQ  alone  of  tbe  aperture  for  a  star  of  moderate  brilliancy,  or  by  tbe 
duterposition  of  one  or  two  mirrors,  according  to  tbe  brightness  of  the  star, 
«nd  not  reducing  the  opening  below  0.23  of  the  total  aperture.  In  each  of 
Xbese  three  cases  the  position  of  the  eye-glass  is  of  course  different. 

Professor  Thury  also  presented  a  memoir  on  tbe  experiments  he  made 
in  couueotion  with  Ur.  Minuicb,  relative  to  a  disengagement  of  electri- 
«ity  from  tbe  thermal  waters  of  Baden  (Aargan).  These  experiments, 
which  appeared  in  No.  205  of  the  Arc/iives,  January,  1875,  furuish  the 
means  of  verifying  the  existonce  of  a  very  decided  electric  current,  which 
is  revealed  by  tbe  galvanometer,  when  by  means  of  electrodes  tbe  water 
of  tbe  Ltmmat  is  placed  in  communication  with  the  thermal  spring,  the 
direction  of  tbe  deviation  indicating  that  the  mineral  spring  is  electrified 
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negatively.  Frnfessor  Tbnry  iDtends  resumiag  and  coutiiiaing  these 
experiments. 

M,  Soret  read  before  the  society  a  memoir,  inserted  in  No.  199  of  the 
Arckivea,  under  date  of  Jaly,  1874,  on  polarizatioa  by  diffusion  of  light. 
He  described  and  discassed  in  bis  memoir  the  experiments  that  be  made 
on  the  reflecting  power  of  flames  on  the  proper  colors  of  bodies,  and  od 
the  cause  of  the  illumination  of  transpareut  bodies  and  the  dififasion  of 
light;  experiments  in  which  he  stndied  a  large  namber  of  crystalline' 
substances,  snch  as  quartz,  diamond,  rock-salt,  etc 

M.  Soret  also  presented  a  memoir  on  the  phenomena  of  diffraction 
produced  by  a  circular  gratiug,  a  paper  inserted  in  April,  1875,  in  So. 
20S  of  the  Archives.  He  gives  the  name  of  circular  grating  to  opaque 
screens  pierced  by  a  series  of  circular  openings  presenting  the  form  of  con- 
centric rings.  He  further  indicates  the  method  be  took  for  constructing 
such  a  grating,  and  for  producing  upon  a  glass  plate  of  small  dimensions 
a  series  of  196  concentric  rings,  alternately  transparent  and  opaque,  the 
central  part  being  transparent  in  the  positive  grating  and  opaque  in 
the  negative  gratiug;  and  the  radii  of  the  circles  bounding  these 
rings  increasing  proportionally  to  the  square  roots  of  the  series  of  nat- 
ural numbers.  He  has  shown  that  a  circular  grating  of  this  kiad  can 
perform  the  ofiQce  of  a  non-achromatic  object-glass;  an  inverted  image 
is  produced  of  a  distant  luminous  object,  and  this  image  passes  through 
the  different  colors  of  the  spectrum,  according  to  the  distance  of  the 
grating. 

M.  K.  Pictet  communicated  the  results  of  his  experiments  made  in 
Egypt  on  the  propagation  of  the  calorific  rays  of  the  suu  through  differ- 
ent substances,  sand  among  others.  He  undertook  to  verify  the  idea  ex- 
pressed by  M,  Soret,  that  sand  acts  after  the  manner  of  a  plate  of  glass ; 
that  is  to  say,  it  would  be  found  diathermanous  to  luminous  heat  and 
athermanous  to  dark  heat.  M.  Pictet  found,  in  fact,  in  the  action  of 
temperature,  more  agreement  of  sand  with  glass  than  with  other  sub- 
stances, such  as  wood  or  sheet-iron,  even  when  the  latter  were  painted 
the  color  of  sand. 

The.  same  member  explained  to  the  society  a  new  process  for  the  mann- 
&cture,  on  a  large  scale,  of  sulphurous  acid,  which  consists  in  pouriug 
sulphuric  acid,  drop  by  drop,  on  sulphur,  heated  to  from  300°  to  3S0<^ 
0.  (572<3 — 66:^  F.),  in  a  cast-iron  retort.  He  stated  some  of  the  proper- 
ties of  the  sulphurous  acid  prepared  in  this  way,  as  well  as  those  of  the 
sulphite  of  water,  obtained  by  the  addition  of  water  in  a  determined 
proportion. 

M.  E.  Demole  read  a  work,  inserted  in  No.  204  of  the  ArchiveSf  De- 
cember, 18/4,  on  the  question  of  molecular  transpositions  in  the  aromatic 
series.  Taking  np  again  the  experiments  of  M.  Lautemann  on  the  prod- 
ucts of  the  distillation  of  osysaticylic  acid,  M.  Demole  reached  the  con- 
clusion that  the  products  obtained  by  the  latter  were  due  to  the  circum- 
Et'iince  that  the  oxysalicylic  acid  employed  was  not  pure,  but  contained 
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proto-catechic  acid.  With  pare  oxysalic;lio  acid,  M.  Demote  obtained 
bydroquinioe  nod  a  small  qaantity  of  pyrocatecbine.  The  foTiiiatioa  or 
these  two  diozybenzols  is  a  carioas  fact,  the  theoretical  explauatioD  of 
which  is  still  rather  obscare. 

Tho  same  member  communicated  a  memoir,  pnbliBbed  January,  187d, 
in  No.  205  of  tlie  Archives,  on  the  reaction  of  the  bromide  of  etfayleue 
on  diluted  alcohol,  in  presence  of  the  acetic  ethers  of  glycol.  M.  Demole 
made  namerons  experiments  for  the  purpose  of  explaiaiug  the  formation 
of  tbe  products  due  to  this  reaction,  namely,  of  glycol,  bromhydrioe, 
acetate  of  ethyl,  aud  bromide  of  ethylene. 

2.  Natural  admcea. — Prof.  A.  Favre  aabmitted  a  communication  on 
tbe  altittide  of  the  glaciers  at  the  Glacial  era,  and  the  height  that  must 
be  attribnted  to  the  sammits  of  the  Alps,  if  tbe  slope  of  the  glaciers 
were  the  same  at  that  time  as  at  the  present  day.  Amoug  the  maps 
of  the  topographical  atlas  of  Switzerland,  executed  by  tbe  Federal 
Bureau  of  the  Staff  Office,  there  are  some  referring  to  tbe  Bernese 
Jora,  in  which  are  found  represeuted,  on  the  flanks  of  the  Cbasseral, 
erratic  blocks  of  considerable  balk,  at  altitudes  varying  from  1,200  to 
1,300  metres  (about  4,000. feet).  These  blocks  have  drifted  from  tbe 
monntaius  which  command  the  present  glaciers  of  the  Shone,  and  are 
260  kilometres  (162  miles)  distant  from  tbe  Chasaeral.  By  assuming  that 
the  glaciers  of  the  glacial  era  bad  a  slope  equal  to  the  minimum  slope  of 
the  present  glaciers,  namely,  from  2  per  cent,  to  1^  per  cent.,  the  result 
would  be  a  difference  of  altitude  of  6,200  aud  3,900  metres,  (17,000  and 
13,000  feet)  respectively,  between  the  upper  aud  lower  part.  From  the 
altitude  of  tbe  latter,  which  is  1,300  metres  (4,000  feet),  there  would  re- 
sult C,500  or  5,200  metres  {20,000  or  17,000  feet),  for  that  of  the  upper 
part,  or  a  sum  greatly  exceeding  the  height  of  the  Galenstock,  one  of 
the  most  elevated  snmmits  bordering  on  the  glaciers  of  the  Bhone,  which 
rises  to  a  height  of  3,600  metres,  (12,000  feet).  We  would  thus  have 
to  admit  that  either  the  height  of  the  Alps  at  the  Glacial  era  greatly 
exceeded  the  present  height,  or  that  the  slope  of  the  glaciers  was  con- 
siderably less.  This  last'  hypothesis  is  quite  admissible  from  the  results 
of  the  recent  explorations  of  the  polar  regions,  especially  those  of  Green- 
land, but  nothing  forbids  the  admission  of  the  combined  action  of  both 


Professor  Favre  also  presented  a  memoir  on  the  recession  of  the  gla- 
cier of  the  Bossons  of  late  years,  and  on  the  relation  between  tbe  ad- 
vance and  retreat  of  glaciers  and  the  atmospheric  conditions,  especially 
tbe  summer  temperature.  lu  the  last  eight  years,  included  between 
July,  1866,  and  June,  1874,  tbe  glaciers  of  tbe  Bossons  receded  212  melrrs, 
(696  feet),  and  at  the  latter  date  it  was  682  metres  (2,240  feet)  in  rear  of  tbe 
lK>int  it  bud  reached  in  1818,  the  epoch  of  its  greatest  development  in  this 
century.  If  witbiu  late  years  tbe  retreat  of  tbe  glaciers  ran  be  explained 
by  tbe  elevatiou  of  the  mean  temperature,  especially  in  the  summer 
months,  their  development  at  an  anterior  period  can  likewise  be  attributed 
14  s 
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to  the  effect  of  n  series  of  cold  and  wet  years.  The  series  of  meteorological 
observations  conducted  at  tbe  foot  of  the  Alps,  in  SwitzerlaDd,  do  not 
go  far  enough  back  to  enable  us  to  compare  the  year  1816  and  those 
immediately  preceding  or  following  it  with  the  mean  t«mperatares 
dndnced  from  a  great  number  of  years.  M.  Pavre  was  only  able  to  in- 
stitute the  comparison  by  the  observations  made  at  the  observatory  of 
Paris  from  the  beginning  of  the  centnry ;  these  observations  show  for 
Paris  a  series  of  cold  years  from  1810  to  1818,  in  which  the  lowering 
of  tbe  temperatare  was  more  marked  in  the  summer  months,  when  the 
thawing  of  the  ice  especially  takes  place.  If  we  cannot  admit  a  com- 
plele  parallelism  between  the  course  of  the  temperature  at  Paris  and  at 
tbe  foot  of  the  Alps,  still  the  alternations  of  dry  and  hot  years  and  cold 
and  wet  ones  must  afford  a  certain  analogy,  because  they  are  dne  to  gen- 
eral phenomena,  embracing  a  considerable  part  of  the  surface  of  the 
globe. 

M.  Ernest  Favre  presented  a  summary  of  the  work  be  is  now  pub- 
lishing In  the  Memoirs  of  the  Helvetic  Society  of  Natural  Sciences,  on 
the  geology  of  the  central  Oaucasian  chain ;  this  work  is  the  result  of  the 
exploration  recently  made  of  that  region,  and  ia  accompanied  by  a  geolog- 
ical chart  and  numerous  cuts.  M.Ernest  Favre  read  a  memoir  on  the  geo- 
logical structure  of  the  southern  part  of  the  Crimea;  among  tbe  other  con- 
clusions of  this  work,  M.  Favre  expresses  the  idea  that  the  Crimean  chain 
is  not,  as  was  thonght,  a  prolongation  of  the  northern  chain  of  the  Cau- 
casus; the  prolongation  of  the  latter  to  the  northwest  connects  with 
the  granitic  zone,  which  reaches  into  Poland  and  into  the  east  of  Europe. 
Tbe  Crimea  is  left,  by  this  prolongation ,  to  the  south,  and  seems  rather 
to  belong  to  the  mountains  of  Turkey  and  Asia  Minor. 

The  same  member  finally  communicated  the  results  of  an  exploration 
recently  made  by  him,  of  a  mountain  of  the  Voirons,  ■with  the  view  of 
verif^ying  the  geological  section  of  that  mountain,  given  by  his  father  in 
his  work  on  tbe  geology  of  Savoy.  He  was  enabled  by  this  ne*  examina- 
tion to  confirm  the  perfect  accuracy  of  tbe  section  as  published. 

Professor  Eenevier  presented  to  the  society  geological  tables,  which 
are  more  especially  intended  for  facilitating  the  teaching  of  geology  and 
the  study  of  the  sedimentary  rocks  daring  the  organic  eras  of  the  globe. 
These  tables  contain,  under  a  synoptical  form,  all  the  data  relating  to 
the  succession  of  the  rocks,  their  geological  age,  their  area,  and  their 
most  characteristic  fossils. 

Professor  do  Caudolle  communicated  the  results  of  his  experiments 
for  studying  the  manner  in  which  buds  receive  the  impression  of  the 
heat  that  promotes  their  unfolding;  he  reaches  the  conclusion  that  the 
heat  is  collected  as  well  by  the  wood  that  bears  the  bud  as  by  the  bad 
itself. 

M.  Duby  read  a  memoir  on  some  new,  or  but  little  known,  mosses, 
drawn  largly  from  tbe  Delessert  collection,  and  the  description  of  which 
is  illustrated  by  plates.  He  discovered  among  these  mosses  a  new  kind, 
altogether  anomalous,  to  which  be  gave  the  name  of  Hymenocl^ittoH. 
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M.  de  Saassure,  in  preaentiDg  to  tlio  society  the  third  part  of  bis 
studies  of  the  Orthoptera,  which  is  devoted  to  the  family  of  the  Gryllidw, 
gives  a  few  details  of  the  musical  organ  with  which  the  males  of  this 
family  are  endowed.  The  siogiog  is  prodaced  by  the  intercrossing  and 
very  rapid  friction  of  the  two  elytra  against  each  other.  He  shows  the 
series  of  transformations  that  the  elytron  ondergoes  in  the  male  to  ren- 
der the  production  of  a  sound  possible,  whereas  with  the  females  the 
elytron  remains  in  the  normal  state. 

M.  Fatio  read  a  memoir  on  the  different  development  of  the  pectoral 
fins  in  the  two  sexes  among  some  fish  of  the  genus  Cyprinus,  which  live 
in  the  waters  of  our  environs,  especially  among  the  minnows.  With 
these  fish,  particularly  in  the  ratting  season,  the  swelling  and  develop- 
ment of  some  of  the  larger  rays  of  the  males  have  the  effect  of  expelling 
ani  cansing  the  disappearance  of  the  smaller  rays,  so  that  their  num' 
ber  is  reduced  to  ten,  and  even  to  six  only,  while  in  the  female  the  rays 
are  always  very  slender  and  from  foarteen  to  sixteen  in  nnmber. 

The  same  member  communicated  a  memoir  on  a  cniioos  case  of  mela- 
nism, of  nodose  melanosis,  which  is  sometimes  observed  In  &sh  of  the 
genns  Cyprinus,  and  which  is  due  to  the  presence  of  a  small  parasite 
which  M.  Humbert  recognized  as  a  helminth.  These  two  memoirs 
were  published  in  Ko.  205  of  the  Archives,  of  January,  1875. 

Dr.  Fol  presented  a  summary  of  researches  made  by  himself,  on  the 
development  of  the  egg  of  the  Medusa  and  the  Pteropodous  MoIIusks, 
daring  his  stay  at  Messina;  be  studied  particularly  the  mode  of  formation 
of  the  egg-shell  of  the  latter. 

The  same  member  communicated  the  principal  results  of  the  inve&ti- 
gations  to  which  he  bad  been  devoting  himself  for  some  years,  into  the 
devolopment  of  the  nervous  system  and  the  sexual  organs  of  the  MoI- 
Iusks. M.  Fol  studied  in  the  embryos  of  Pteropods  (which  more  par- 
ticclarly  favor  these  researches),  the  mode  of  formation  of  the  nervous 
system,  as  well  as  the  organs  of  hearing  and  sight.  Finally,  M.  Fol  com- 
municated the  results  of  some  observations  made  by  bim  at  Messina, 
apon  the  origin  of  the  generative  organs,  male  and  female.  These  in- 
vestigations led  him  to  adopt  the  views  of  M.  Ed.  Van  Beneden  on 
this  subject. 

Dr.  Provost  presented  the  results  of  some  experiments  ho  recently 
made  on  the  physiological  properties  of  the  Jaborandi.  The  effects  pro- 
duced by  an  infusion  of  this  plant  are  quite  similar  to  those  produced 
by  the  muscarine,  consisting  in  a  powerful  salivation,  and  in  a  general 
way  in  an  exaggerated  secretion  of  all  the  glands  except  the  kidneys. 
Atropine  may  be  considered  as  antagonistic  to  this  new  substance,  as 
well  as  to  the  muscarine ;  it  can,  in  fact,  be  employed  to  arrest  the  sali- 
vation produced  by  the  two  other  poisons. 

Independently  of  these  memoirs  read  before  the  society,  a  large  num- 
ber of  different  communications  were  made,  and  reports  of  diacoveriea. 
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and  labors  abroad.  lu  this  way,  Professor  Gaatier  coDtiotied  to  keep  the 
Boeiety  informed  of  tbe  progress  in  astroDomy,  and  in  the  physics  of  the 
globe,  by  comrnDDicatious  od  various  snbjects,  sncb  as  the  preparations 
for  tbe  observation  of  the  transit  of  Venns  by  the  English  expedition, 
tcom  the  Annual  Beport  of  the  Royal  Astronomer;  obseiTations  made 
at  the  Boman  College  on  magnetic  variatioos  and  tbeir  relations  with 
tbe  masima  and  minima  of  solar  spots ;  appearance  of  the  belts  of  Japi- 
ter^ftom  a  memoir  published  in  the  Monthly  If otices ;  a  new  theory  of  the 
aarora-borealis,  from  a  memoir  by  M.  Gronemann,  inserted  in  the  Asfro- 
nomische  2faakrwhten;  a  memoir  of  Id.  Uontigny  on  scintillation;  the 
orbit  of  Coggia's  comet  and  the  phenomena  presented  by  it  during  its 
apparitiou;  the  present  state  of  onr  knowledge  of  the  small  planets; 
finally,  the  work  of  P^re  Gosa  on  the  variableness  of  the  solar  diameter. 
The  same  member,  while  annoanoiug  to  the  society  the  deaths  of  the  as- 
tronomers ArgelSnder  and  Madler,  gave  a  sketch  of  the  character  and 
works  of  these  scientists. 

M.  Soret  gave  a  description  of  a  new  thermometer  ibvented  by  Ne- 
gretti  in  London,  formeasnring  the  temperatnre  of  water  at  great  depths, 
withoat  having  recourse  to  the  index ;  the  same  apparatns,  placed  In 
eommnnication  with  an  electric  cnrrent,  wbicb  reversed  it  at  a  deter- 
mined instant,  might  serve  to  record  the  temperature,  without  neces- 
sitating a  direct  reading  at  the  same  moment.  M.  Flantamonr  has  sent 
for  one  of  these  instruments,  with  which  be  proposes  to  measore  tbe  tem- 
perature of  the  lake  at  different  depths. 

Professor  Wartmann  presented  a  riaumi  of  M.  Jamin's  method  for 
tbestndy  of  magnetism,  and  of  some  of  the  results  obtained.  M.  B.  Pic- 
tet  gave  some  details  of  the  exceptionally  great  rise  of  the!Nile  in  1874. 
Tbe  same  member  described  Boulanger's  teleometer. 

Professor  Marignac  gave  an  account  of  a  work  by  Dr.  Wagner  on  the 
antiseptic  properties  of  salycilio  a«id. 

M.  E.  Ador  presented  to  the  society  a  glass  jar  containing  meat  pre- 
served for  nearly  two  months  byM.de  Herzen's  process;  this  meat  was 
as  fresh  as  on  the  first  day,  and  had  undergone  no  change. 

Prof.  A.  Favre  gave  an  account  of  a  work  by  M.  Zittel  on  the  glacial 
terrain  of  the  south  of  Bavaria. 

M.  E.  Favre  mentioned  a  work  on  comparative  geology  by  M.  Stan- 
islas'  Meunier,  and  a  work  by  M.  Stoppani  on  tbe  glacial  terrains  of 
the  southern  slopes  of  the  Alps.  The  same  member  made  a  communi- 
cation on  some  implements  he  had  seen  at  Basle,  at  tbe  residence  of 
M.  Eutimeyer,  and  which  were  found  in  the  lignites  of  Wetzikou.  These 
implements  give  evidence  of  the  presence  of  men  in  Switzerland  belbte 
the  second  Glacial  period. 

Professor  Candollc,  when  presenting  to  the  society  his  notice  of  M. 
Heisner,  accompanied  it  with  some  details  relative  to  the  botanist  of 
Basle.  The  same  member  gave  a  recapitulation  of  Mr.  Asa  Grab's  work 
on  the  natural  extinction  of  varieties  of  fruit-trees,  and  also  the  results 
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obtained  from  tbe  reatoratioa  of  the  growth  of  trees  to  the  Island  of 
AscensioD,  from  ao  articlebyMr.  Bell,  inserted  io  the  Gardeoer'sChroD- 
icle. 

M.  Micheli  presented  a  branch  of  the  genns  Ficua  repens  bearing  &uit, 
vbich  is  remarkable  from  an  extraordinary  transformation  of  tbe  leaves. 
Tbe  same  member  gave  some  details  of  the  flora  of  the  central  and  north- 
em  conntry  of  the  Argentine  Eepnblie,  from  collections  made  by  M.  Lo- 
renz,  and  described  by  M.  Griesebad. 

M.  Ph.  Piantamoor  inviwd  the  members  of  the  society,  or  those  whom 
it  might  interest,  to  his  residence,  to  see  two  plants  of  Armoplioptales 
JKtutm,  jast  ready  to  bloom. 

M.  A.  Humbert  pointed  out  a  peculiar  change  ia  the  lenses  of  the  micro- 
scope, which  he  attributed  to  algee  attached  to  the  glass,  and  produced 
by  humidity.  The  same  member  described  a  work  by  M.  Gerstaecker 
on  the  respiratory  organs  of  certain  insects,  and  of  a  memoir  of  M.  Zel- 
ler  on  the  development  of  the  larvEB  of  intestinal  worms. 

Br.  Lombard  made  a  commnnicatioQ  relative  to  tbe  accidents  in  the 
last  ascension  of  the  balloon,  the  ZenitA.  He  dwelt  upon  the  conse- 
quences of  the  diminution  of  the  quantity  of  oxygen  contained  in  a  litre 
of  air  at  a  great  height,  and  on  the  internal  and  external  peripherio 
motions  produced  by  a  too  rapid  ascension. 

Dr.  Fr4vost  presented  a  rSsumf  of  the  researches  recently  made  on 
apomorphine,  and  tbe  effect  prodnced  by  this  substance  ou  different 
animals.  The  same  member  summed  up  tbe  most  recent  observations 
on  the  hypnotic  action  of  hydrate  of  chloral,  the  use  of  which  may  be  re- 
garded as  dangerous  to  man,  but  which  is  capable  of  rendering  great 
service  in  experiments  by  vivisection  of  animals. 
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I.— MATTERS  EELATING  TO  THE  MBMBEE8HIP,  THE  PEOCBBDINGS,  AND 
THE  PDBLIOATIONS  OF  THE  SOCIETY. 

Oar  society  baa  experienced  tliis  year  a  great  loss  in  the  death  of 
Oeneral  Dnfonr,  who  was  bora  in  Constance,  September  15, 1787,  and 
died  in  Geneva,  Jnly  14, 1876.  Switzerland  loses  in  bid  one  of  its  most 
popular  and  beloved  Bona  and  most  illnstrious  citizensi  After  the  pub- 
lication of  the  biographical  sketches  in  the  Journal  Ae  Geneve,  there 
appeared  a  histoiy  of  hia  life,  a  life  in  every  respect  complete,  and 
marked  by  patriotism,  disinterestedness,  and  general  usefulnesB  to  his 
coantry.  This  biography,  besides  giving  a  sketch  of  the  war  of  the 
Sonderhand,  describes  the  brilliant  career  of  the  soldier,  tbe  classic 
reports  of  the  general,  and  the  conscientious  labors  of  tbe  scientist, 
whose  military  chart  of  Switzerland,  requiring  thirty-one  years  for 
its  execution,  is  a  masterpiece  of  successful  perseverance;  it  likewise 
states  tbe  active  part  taken  by  the  general  in  political,  legislative,  and 
administrative  affairs,  both  federal  aod  cantonal,  as  well  aa  his  indefati- 
gable activity  in  military,  scientific,  artistic,  and  philanthropic  societies. 
These  publications,  of  course,  render  it  annecessary  for  me  to  enter  into 
more  general  details. 

Our  society,  of  which  the  general  had  been  a  member  since  1819,  and 
to  wbicb  be  bad  contributed  articles  on  the  strength  of  iron  wire,  on  tbe 
determination  of  the  astronooiical  co-ordinates  of  Berne,  and  the  high 
waters  of  the  lake,  published  in  volnmea  ii,  ix,  and  x  of  our  memoirs, 
bas  lost  in  him  one  of  its  most  zealous  members,  who  took  a  warm 
interest  in  its  labors,  and  attended  its  meetings  with  military  regularity 
and  punctuality.  The  energy,  kindliness,  and  uprightueas,  so  faith- 
fully reflected  in  every  feature,  and  hia  uniform  politeness,  created  in  all 
a  feeling  of  reapect  and  affection  never  to  be  effaced. 

Our  society  must  also  deplore  the  loss  of  two  honorary  members,  M. 
Adolpbe  Bronguiart,  professor  of  botany,  and  one  of  tbe  directors  of 
the  Museum  of  Natural  History  of  Paris,  and  M.  Gb.  Desmoulins,  of  Bor- 
deaux. 

As  to  our  publications,  tbe  first  part  of  volume  xxiv  of  our  memoirs, 
a  large  half  volume  of  fifty  printed  leaves  and  twenty-eight  plates,  is 
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pablifitied,  and  coDtains  the  paleontological  and  geological  moDograph 
of  the  upper  strata  of  the  Jarassic  formation  of  the  environs  of  Boulogue- 
sor-Mer,  by  MM.  de  Loriol  and  Fellat,  and  the  selection  of  new  and 
bat  slightly  known  mosses  by  M.  Daby.  The  second  part  of  volume 
xsiv,  and  also  the  first  part  of  volume  xsv,  are  both  in  preparation 
for  tbe  press,  in  the  first  of  which  is  a  memoir  by  Professor  Plantamonr 
on  the  climate  of  Greece,  and  in  the  second  a  work  by  M.  H.  de  Saussnre 
on  tbe  OrsUida. 

II. — HEMOIBS  COMMTINICATED  TO  THE  SOCIETY. 

1, — Astronomy  and  meteorology — Physical  geography. — Professor  Flan- 
tamonr  gave  an  acconot  to  tbe  society  of  a  memoir  which  he  published, 
with  Professor  Hirsch  as  collaborator,  on  the  determination  of  the  differ- 
ence of  longitude  between  the  Simplon,  Milan,  and  Nenchatel.  Durinjf 
this  work,  be  ascertained  that  the  Swiss  telegraphic  lines  are  not  as  well 
insnlated  as  the  foreign  lines,  a  circnmstaDce  that  considerably  reduces 
tbe  velocity  of  the  electric  current,  owing  to  tbe  retardation  of  attraction 
of  the  armatures.  Allowing  for  the  changes  of  position  that  the  axis  of 
the  instrument  nndergoes  from  a  unilateral  dilatation,  caused  by  the 
presence  of  the  body  of  the  observer,  and  the  corrections  required  by 
personal  equations,  those  of  the  four  observers,  MM.  Plantamonr  at  the 
Simplon,  Celloria  at  Milan,  and  Hirsch  and  Schmidt  at  Neuchatel,  tbe 
following  diflferences  were  established; 

Between  Milan  and  the  Simplon 4'  39".238 

Between  the  Simplon  and  Nenchatel 4'  16".8i;4 

Between  Milan  and  Neuchatel 8' 56".062 

The  same  member  also  submitted  to  the  society  a  summary  of  his 
observations  on  the  climate  of  Geneva.  He  found  by  examining  the 
meau  temperatures  for  the  last  fifteen  years  that  they  were  higher  than 
those  of  the  thirty-five  preceding  years,  so  that  the  mean  actnaljy  estab- 
lished for  a  series  of  fifty  years  must  be  increased  by  nearly  0o.2,  C.  (0o.3 
F.).  For  every  month  of  the  last  fifteen  years,  the  mean  temperature  was 
higher  than  the  mean  temperature  deduced  from  the  previous  thirty-five 
years,  with  the  exception  of  the  month  of  December,  in  which  it  was 
(P.2  <J.  {0O.3  F.)  lower.  The  greatest  increase  was  lo.23  C.  {ao.2l  F.),  and 
occurred  in  the  mouth  of  September.  The  mean  temperatures  of  the 
whole  series  of  fifty  years  furnish  the  following  results:  January, 
—  00.079  C.  (310.85  F.);  February,  4- 1°.58S  C.  {35°  F.);  March, 
+  40.597  0.  (40O.274  F.) ;  April,  +  80.967  C.  (480.14  F.) ;  May,  +  130.197 
C.  (650,75  F.) ;  June,  +  16O.809  C.  (64o  05  F. ;  July,  +  18O.807  C.  (650.85 
F.);  August, +  170.910  C.  (640.24  F.);  September,  +  140.659  0.  (580.38 
F.)  J  October,  +  90.879  C.  (490.78  F.} ;  November,  +  40.552  C.  (40O.194 
F.) ;  December,  —  O0.8O  G.  (30O.56  F.). 

M.  Plantamonr,  on  the  other  band,  made  an  examination  of  his  obser- 
vations by  dividing  the  year  into  seventy-three  series  of  five  days  (the 
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pentodes  of  Professor  Dove)  in  order  the  better  to  detect  the  variations 
of  the  elemeots  wbioh  bad  furnished  the  monthly  mean  temperatures, 
and  to  aBcertaiu  whether  the  meteorological  theory  by  virtue  of  which 
M.  Cb.  Sainte-Claire  Deville  admitted  the  more  or  less  regular  return  of 
anomalous  cold  spells  at  certain  periods  of  the  year,  had  or  had  not  any 
foondation  in  fact.  The  plotted  means  of  these  pentodes  (or  five-day 
periods)  naturally  gives  a  more  nndulatory  line  than  the  regular  theo- 
retical curve  of  the  monthly  means,  and  if  there  existed  anomalous  causes 
at  certain  fixed  epochs,  we  should  find  the  duration  proper  to  each  of 
those  e{>ochB  traced  in  a  manner  altogether  more  decided  in  proportion 
a.s  the  observations  are  extended  over  a  greaternumber  of  years.  Now, 
M.  Flantamonr  found  that  the  very  reverse  was  the  case,  and  the  curve 
of  the  mean  temperatures  of  the  pentDdes  of  the  fifty  years  approaches 
more  nearly  the  regular  theoretic  carve  tliaii  that  which  had  been  cal- 
culated for  the  first  forty  years  only.  The  annual  mean  for  the  last  fifty 
years  is  90.345  C.  (480.S21  F.)-  The  warmest  year  of  the  series,  1834, 
had  a  mean  temperature  of  10°.99  C.  {51o,78  F.);  the  coldest,  1S61,  one 
of  70.85  C.  {460.13  F.)-  The  period  from  1826  to  1831  contains  seven 
warm  and  two  cold  years;  that  from  1835  to  1860  gives  twenty-two  cold 
and  only  four  warm  years ;  and  in  the  last  fifteen  years  there  have  been 
thirteen  warm  and  two  cold.  But  there  is  no  regularity  in  these  varia- 
tions, which,  contrary  to  the  ideas  of  certain  meteorologists,  afford 
nothing  which  substantiates  any  coincidence  between  them  and  the 
periods  of  eleven  years  which  have  been  observed  for  the  epochs  of  the 
minima  and  maxima  of  the  solar  spots. 

Professor  Gaotierread  a  second  account  of  the  meteorological  observa- 
tions made  at  Labrador,  at  five  different  stations,  by  the  Moravian  mis- 
sionaries. That  of  Hoffenthal  gives  the  mean  temperature  of  five  years, 
from  1869  to  1873,  at  —  3°.Q3  C.  (260.55  F.),  while  the  annual  mean  tem- 
perature of  Edinburgh  is  +  8°.4  C.  (46.47  F.).  The  winter  and  spring 
are  very  cold,  while  the  summer  and  autumn  are  relatively  mild.  The 
mean  dinrnal  variation,  which  is  4o.45  C.  (So.Ol  F.),  attains  at  times  to 
22°  C.  (390.6  F.).  The  extreme  temperatnres  observed  at  the  station  of 
Eoma  were,  on  the  3d  of  February,  1873,  -  35°  0.  { -31©  F.),  and  Angost 
21,  +  24°  C.  (750.2  F.).  The  greatest  number  of  auroras  observed  there 
occoTB  in  the  months  of  January  and  February. 

Professor  Oolladon  read  to  us  a  work,  which  will  be  published  in  oar 
memoirs,  upon  the  great  hail-storms,  one  of  which  devastated  the  canton 
of  Geneva  on  the  7th  and  8th  of  July  of  the  past  year,  and  the  other 
Savoy  and  Bas-Yalois,  twelve  hours  afterward,  and  which  coincided 
with  violent  storms  between  Lucerne  and  Zurich,  and  with  another  in 
Ard^che.  The  storms  moved  at  a  velocity  of  50  kilometres  (31  miles)  per 
hour  and  the  height  of  the  hail-cloud  was  determined  to  be  2,000  metres 
(6,600  feet).    M.  Oolladon  recognized  four  dtfi'erent  types  of  hail-stones. 

The  same  member  communicated  an  article  upon  the  efifect  of  a  thnn- 
der-bolt  on  the  trunks  of  two  Lombardy  poplars  of  difierent  d 
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on  the  plain  of  Eynard  Dear  Bolle.  From  the  different  details  obseivecl 
and  the  topographical  position  of  the  poplars,  M.  Colladon  coDcludes : 
Ist,  that  the  poplar  ia  more  likely  to  be  strnck  than  other  trees ;  2d,  that 
when  several  poplars  are  staodiug  in  a  group  or  in  a  row,  the  one  near- 
est to  water  ia  the  first  stntck,  and  thia  fact  may  be  made  available  in 
discovering  springs;  3d,  the  npperpart  of  the  poplar  always  remains 
intact,  because  its  branches  are  good  conductors  of  the  electricity ;  4th, 
the  lightning  paaaea  between  the  sap-wood  and  the  old  wood,  and  escapes 
near  the  foot  of  the  tree,  laterally,  by  passing  through  the  sap-wood  leav- 
ing great  spots  around  the  holes  tfarongh  which  it  has  passed. 

Professor  Forel,  of  Merges,  announced  to  the  society  the  first  results  of 
bis  observations  of  the  seiohes  (variatioos  of  level),  made  at  Merges  by 
means  of  a  recording  limnimeter.  The  lake  here  presents  longitudinal 
and  transverse  smohes,  according  as  the  periodic  uodulations  follow  the 
greater  small  axis  of  the  lake.  The  normal  arches  of  Merges  have  a  dura- 
tion of  ten  minutes,  whatever  their  amplitude  may  be.  There  are  other 
teicAes,  less  frequent,  at  Morges,  having  a  dnration  of  70  minutes  and  of  less 
amplitude,notexceediQgonecentimetre(fonr-tenthBofanineh).  M. Forel, 
by  comparing  these  with  those  of  Lake  Constance  and  Lake  Keachatel, 
thinks  that  those  of  70  minutes'  duration  are  to  be  considered  as  longi- 
tudinal. Others,  observed  at  Veytaox  and  Ohlllon,  and  which  he  acci- 
dentally recognized  at  Merges  and  Svian,  whose  duration  is  about  3d 
minotes,  might  be  the  lougitadinal  seiekea  of  the  large  lake,  oscillating 
item  Ohillon  to  che  bar  of  Promenthou,  and  vioe  versa;  those  observed 
at  Geneva  of  a  duration  of  30  minutes  are  probably  the  seicAcs  pecniiar  to 
the  small  lake  oscillating  between  the  port  of  Geneva  and  the  limit  of 
the  large  lake;  and,  finally,  the  ordinary  seiches  of  Merges  and  I^vian,  of 
10  minutes'  duration,  are  the  transverse  sdehes  of  Lake  Leman,  The 
register  indicates  the  passage  of  a  steamboat,  20  minutes  iu  advance,  by 
waves  of  three-quarters  to  one  minnteiu  duration,  and  these  waves,  after 
the  passage  of  the  boat,  continue  to  repeat  themselves  for  an  hour  and 
a  half  at  intervals  of  from  one  to  two  minntes- 

2.  Physics  and  meohanios. — Professor  Soret  commnnicated  to  the  society 
the  result  of  his  study  of  the  phenomena  of  ditTraction  in  the  circular 
gratings  examined  by  him  iu  the  special  case  of  equidistant  circles.  This 
resnlt  presents  some  analogy  with  those  considered  in  a  communication 
of  tbe  previous  year.  They  produce  a  powerful  concentration  of  the 
Inminona  rays  along  the  whole  length  of  their  axis,  and  are  capable  of 
giving  images  of  objects  quite  similar  to  those  obtained  through  small 
holes. 

Tbe  same  member,  iu  making  a  communicattoa  on  halos,  and  especially 
OD  parahelia  by  reflection  in  crystals  of  ice,  adverted  to  the  fact  that 
Bravais  had  considered  two  cases  only,  the  prism  with  an  elongated 
hexagonal  base,  and  the  star  or  regular  hexagonal  prism  with  re-enter* 
ing  angles.  M.  Soret  added  two  new  eases  of  parahelias,  the  prism  of 
icicles  with  six  regular  aides,  and  prisms  with  elongated  base,  in  wbiA 
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tbe  course  of  tbe  rays  is  dififereal  from  that  wbich  bad  been  iodicated 
by  Braviiia. 

JU M.  Soret  and  Sarasiu  have  made  a  summary  of  tbeir  work,  iaserted 
in  the  Archicea  de  la  Bibliothiqtte  Univeraelle,  No.  215,  p.  253,  on  tbe 
rotatory  power  of  quartz.  The  employment  of  tbe  spectroscope,  with 
tbe  fluorescent  eyeglass  devised  by  M.  Soret,  admits  of  tbe  extension 
of  these  limits  to  the  ultra-violet  part  of  tbe  spectram  as  far  as  the 
line  N ;  and  by  the  interposition  of  a  plate  of  cobalt-hlue  glass,  wbich 
arrests  the  mean  red  and  orange  rays,  they  succeeded  in  clearly  dls- 
tingnisbiDg  tbe  lines  a  and  A,  by  wbicb  tbey  were  then  able  to  measure 
the  rotatory  power  of  quartz.  These  researches  complete,  as  regards 
the  extreme  red  and  altra-violet,  tbe  resnlts  obtained  by  Blocb  and 
Stefan. 

Mr.  K  Lockyer,  of  London,  an  honorary  member  of  our  society,  did 
ns  the  honor  of  presenting  tbe  principal  results  of  his  researches 
in  spectral  analysis.  This  scientist  mentioned  tbe  different  spectral 
methods,  tbe  distinction  which  he  established  between  the  short  and 
long  lines  of  the  spectra,  the  different  conditions  in  wbich  the  vapors  of 
bodies  may  he  fonnd,  the  modifications  that  the  atomic  grouping  of  those 
bodies  may  undergo,  and  tbe  effects  in  the  spectrnm  by  which  these 
modifications  manifest  themselves. 

M.  Baoul  Pictet  placed  before  ns  a  commnnication  on  the  application 
of  tbe  mechanical  theory  of  heat  to  the  study  of  volatile  liquids,  and 
the  simple  relations  existing  between  latent  iieat,  atomic  weights,  and 
tbe  tension  of  vapors.  There  resnlts  from  this  work,  which  was  inserted 
in  tbe  Archives  de  la  BibliotMqve  Universelle,  So.  217,  p.  66, 1st,  that  all 
liqnids  have  the  same  cohesion ;  2d,  that  tbe  derivative  of  the  itTaperian 
logarithm  of  the  quotient  of  the  tensions  in  relation  to  the  temperatures 
is  constant  for  all  liquids  at  the  same  pressQre  and  temperature ;  3d, 
that  the  latent  heat  of  all  liquids  under  tbe  same  pressure  multiplied  by 
tbeir  atomic  weights  at  the  same  temperature  gives  a  constant  product; 
4tb,  that  for  all  liquids  tbe  difference  of  the  internal  latent  beat  at  aiy 
two  temperatares  whatsoever  multiplied  by  the  atomic  weight  is  a  con 
staut  number;  5tb,  that  the  latent  heats  of  all  liquids  are  multiples  ot 
their  speciHc  heats. 

Proffssor  Wartmann  presented  to  the  society  various  models  of 
Crooke's  radiometer,  manufactured  at  Bonn  by  M,  Geissler.  The  radia- 
tions from  a  luminous  sonrce  act  npon  the  wheel,  and  repel  tbe  blackened 
faces.  Nevertheless,  by  covering  the  latter,  M.  Wartmann  showed  that 
the  rays  from  the  sun,  or  from  sources  of  high  temperature,  repel  also 
the  white  faces.  The  interposition  of  colored  glasses  diminishes  more 
or  less  the  rapidity  of  the  motion,  which  continues  very  rapid  in  tbe 
focns  of  a  lens  of  enlphnret  of  carbon  saturated  with  iodine.  By  acting 
upon  one  paddle  only,  M.  Wartmann  fonnd  that  it  remained  in  a  state  of 
eqnilihrium  when  the  intensity  of  the  radiation  concentrated  on  the 
black  fbce  and  tbe  opposite  white  face  ia  in  inverse  ratio  to  the  absorb- 
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ing  power  of  those  faces.  Light  ia  not  the  canse  of  the  pbenomenon  of 
the  rotatioD  of  the  wheel.  Thia  our  colleague  demonstrated  by  eoucen- 
tratiDg  on  the  black  face  of  the  disk  of  an  extremely  sensitive  radiometer 
the  light  of  the  full  moon  passing  over  the  meridian.  If  a  large  lens  or 
a  concave  mirror  0.55  metre  (2  feet)  in  diameter  is  employed,  the  intense 
light  of  the  focus  renders  the  paddle  motionless.  The  phenomenon  has 
therefore  a  calorific  origin.  M.  Wartmaun  also  reported  nn  experiment 
due  to  Dr.  Schuster,  according  to  which,  when  the  motion  of  the  wheel 
is  impeded,  it  is  the  envelope  of  the  radiometer,  delicately  suspended, 
that  tends  to  turn  in  an  opposite  direction.  There  is  therefore  a  mechan- 
ical reaction.  Finally,  M.  Wartmann  dwelt  upon  the  fact  that  the  degree 
of  vacnam  exerts  a  very  sensible  influence  on  the  rate  of  each  instru- 
ment ander  experiment.  With  the  same  radiometer,  this  vacuum  does 
not  appear  to  preserve  the  same  value  after  the  energetic  action  of  the 
calorific  sources. 

M.  Th.  Tnrrettini  submitted  a  communication  on  the  different  boring 
implements  employed  in  tonneling  St.  Gothard,  and  explained  the 
various  apparatus,  with  working  plans.  The  drill  invented  by  him- 
self, and  bearing  his  name,  is  distinguished  from  others  in  two  essential 
points:  Ist.  The  system  of  air-distribution,  effected  by  the  leoiprocat- 
ing  motion  of  the  piston,  which  is  produced  by  an  arrangement  of  the 
piston  and  piston-rod  in  two  separate  pieces,  and  by  the  assistance 
of  a  system  of  differential  pistons;  2d.  The  aotomatic  advance  and 
recoil  of  the  machine  is  effected  by  utilizing  the  action  of  compressed 
air  upon  the  percussion  cylinder,  in  order  to  produce  the  tightening  and 
loosening  of  the  apparatus,  which  permits  or  stops  that  advance  by  the 
position  itself  occupied  by  the  piston-rod.  This  machine  makes  600 
strokes  per  minute. 

3.  Chemiatry. — Professor  Mariguac  gave  to  the  society  an  account  of  hia 
researches,  published  in  the^rcAires,  1^0.218,  p.ll3,  on  the  specific  heat  of 
saline  solutions.  The  specific  heat  depends  on  the  nature  of  the  acids  and 
the  bases  of  the  salts,  and  also  on  other  circumstances,  which  do  not  seem 
connected  with  the  greater  or  less  tendency  of  salts  to  combine  with  water 
to  forth  definite  and  crystallizable  hydrates.  It  is  much  less  in  general 
than  the  sum  of  the  specific  heat  of  the  separate  elementsof  the  saline  solu- 
tions; but  the  greater  part  of  the  acetates  and  acetic  acid  dissolved  in 
water  present  the  reverse.  M.  Mariguac  is  of  the  opinion  that  the  diminu- 
tion of  the  specific  heat  of  solutions  is  due  to  the  disengagement  of  heat, 
resulting  from  a  dissociation  of  the  definite  hydrates  contained  in  them. 
This  does  not  occur  among  alloys,  because  they  cannot  undergo  disso- 
ciation so  long  as  they  are  below  their  jioiut  effusion. 

M.  Ador  gave  a  statementof  the  research  which  he  carried  out  in  con- 
uectioa  with  M.  Albert  Billiet,  on  the  constitution  of  benzine.  This 
investigation;  with  its  numerous  details,  was  inserted  in  the  Archives, 
Sa  219,  p.  263. 

it.  Engine  Demole  made  a  communication  on  the  compound  0*  H*  I O^ 
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whieh  is  formed  by  the  action  of  ethylene  npon  an  alcoholic  solotioit 
of  iodlDe  heated  to  a  temperature  of  65°  0,  (llO'^  F.)  This  componod  had 
beeo  regarded  by  M.  Baumstark  as  a  derivative  of  ethylediDe,  and  aa 
being  possibly  a  singalar  iustanceof  transposition.  M.Demole  andertook 
the  synthesis  of  this  substance,  making  glycol  his  starting-point.  The 
snbstances  he  employed  were  al)  prepared  at  low  temperatares.  They 
were  glycol,  iodinated  glycol,  monethylic  glycol,  and  iodetbylio  glycol, 
^ow  this  last  agrees  in  its  properties,  its  formula,  and  its  vapor-den  si  ty 
with  the  said  compound  in  such  a  manner  that  we  are  forced  to  consider 
the  latter  a  derivative  of  ethylene. 

4.  Geology. — Professor  Favre  presented  to  the  society  his  chart  of  the 
Swiss  glaciers  of  the  Glacial  period,  projected  on  the  scale  of  T^inr. 
Tbis  beantiful  chart  shows,  1st,  the  n^is  (partially  congealed  snow); 
2d,  the  true  glaciers  of  the  Ehone,  the  Aar,  the  Ecubb,  the  Lintb,  and 
tlieBhinej  and,  3d,  the  glacial  terrain  or  glacial  clays  and  sediments,  the 
moraines,  and  erratic  blocks.  M.  Favre  designates  as  gJaeier  rdservoir 
(glacial  basin)  the  zone  of  the  niv6s  occupying  the  high  valleys,  and 
glacier  ^Seoulement  (flowing  glacier)  the  zoue  of  glaciers  properly  so 
called  extending  along  the  plains.  As  to  the  glaciers  of  the  Bbone  and 
the  Bhine,  the  extent  of  the  glacier  reservoir  was  found  eqnal  to  that  of 
the  flowing  glacier.  In  addition,  M.  Favre  deduced  the  depth  of  the 
glaciers  from  the  position  of  the  most  elevated  of  the  erratic  blocks. 

5.  Botany. — We  were  presented  by  M.  C  de  Gandolle  with  the  result 
of  his  anatomical  and  physiological  researches  on  the  Dioncea  muscipula, 
which  led  him  to  admit  that  here  also,  as  among  sensitive  plants,  the 
movement  of  the  valves  of  the  leaf  is  caused  by  the  known  phenomena  of 
tnrgescence.  It  is  only  by  the  touch  of  one  of  the  three  hairs  that  the 
movementofthetwodemi-limbs  is  produced  about  the  middle  rib ;  for 
if  the  surface  of  the  leaf  is  touched,  the  two  valves  do  not  close  at  all. 
It  was  therefore  in  the  structure  of  the  casta,  and  especially  in  that  of 
the  hairs,  that  M.  0.  de  Gandolle  sought  and  found  the  devils  of  cellolar 
organization,  which  enabled  him  to  refer  the  phenomena  to  the  effects  of 
turgescence.  This  work,  accompanied  by  two  plates,  was  inserted  in 
the  Archives,  No.  220,  p.  400. 

6.  Zoology. — Dr,  Fol  communicated  to  the  society  the  principal  results 
of  his  investigations  into  the  nutrition,  the  mode  of  reproduction,  aud 
the  means  of  locomotion  of  the  Tnnicates.  These  marine  animals  take 
nourishment  by  means  of  a  thick  and  glutinons  saliva.  Their  repro- 
duction is  complicated,  for  it  is  not  until  the  third  generation  that  the 
mother-form  exactly  reappears.  The  central  style  bears  two  kinds  of 
buds :  the  central,  attached  directly  to  the  axis,  perform  the  functions  of 
procreation  and  locomotion ;  and  the  lateral,  further  removed  from  the 
aziSj  whose  office  had  not  been  known,  are  only  organs  of  nnbltton  and 
respiration.    When  separated  from  each  other,  they  soon  perish, .  Dr. 
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Fol  concludes  from  this  that  amoDg  the  Tanicates,  as  well  as  the 
Siphonoptaora,  there  are  swimming  individuals  aud  feeding  individnals. 

The  same  member,  in  presenting  to  the  society  a  copy  of  his  memoir 
on  the  Pteropoda,  gives  some  details  of  the  Heteropods,  which  he  is  now 
elaborating  for  his  second  volume,  and  proves,  contrary  to  the  opiuions 
of  some  writers,  that  the  opening  of  invaginatiou  is  persistent,  and  that 
it  becomes  a  mouth.  This  mouth  once  formed,  the  embryo  swallows 
the  white  of  the  egg ;  and  this  albuminous  mass,  after  the  hatching  of 
the  larva,  serves  for  food. 

M.  Al.  Humbert  communicated  to  the  society  the  result  of  the  study 
of  a  blind  Qammarns,  found  by  M.  Forel  at  the  bottom  of  Lake  Leman. 
As  DO  intermediaries  have  been  found  between  the  seeing  Qammarns  of 
the  lake  at  the  surface  of  the  water  and  the  blind  Gammarus  which  live 
from  the  depth  of  50  metres  (160  feet)  to  the  bottom,  M.  Humbert  does 
not  think  it  can  be  admitted  that  this  Gammarus  is  descended  from  the 
seeing  species,  and  takes  it  for  a  variety  of  the  Gammarvs  puteanvg,  a 
species  which  dwells  at  the  bottom  of  wells  in  the  vicinity  of  the  lake. 

Professor  Bogdanow,  of  St.  Petersburg,  read  to  us  a  memoir  on  the 
saocessive  history,  through  the  different  geological  ages,  of  the  fauna  of 
European  Bussia,  aud  accompanied  his  communication  with  numerous 
explanatory  maps. 


In  addition  to  the  works  mentioned  above,  a  large  number  of  reports 
of  recent  and  rare  pablioations  were  made  to  the  society,  and  a  series 
of  less  detailed  communications  were  presented. 

M.  Barbey  gave  some  account  of  the  California  species  of  the  genua 
Epilobium,  which  he  is  now  preparing  for  the  New  Flora  of  Oalifornia  by 
Mr.  WatsoD. 

Prof.  Alph.  de  Candolle  took  up  and  refuted  the  principal  objections 
offered  by  M.  Schacht  to  the  theory  of  the  sums  of  temperatures  applied  to 
the  phenomena  of  vegetation.  The  Bamegentleman  informed  us  that  Pro- 
fessor Bly tt,  of  Ghristiauia,  made  observations  in  Scandinavia,  which  con- 
firmed his  own  made  in  our  Alps,  and  which  lead  to  this :  that  of  the 
valleys  laid  bare  at  the  Glacial  period,  those  whose  glaciers  retreated 
first,  present  a  richer  and  more  varied  vegetation  than  those  which  re- 
mained a  long  time  covered  with  ice.  By  consulting  the  notes  collected 
by  the  Eigaud  family  and  the  employes  of  the  guild-hall  on  the  folia- 
tion of  the  chestnut  of  Treille,  at  Geneva,  M.  de  Candolle  was  able  to 
show  that  the  time  of  the  foliation  does  not  vary  with  the  age  of  the  tree. 
The  same  scientist  described  to  us  a  colossal  tree  of  California,  276  feet 
in  height  and  measuring  20  feet  in  diameter,  a  section  of  whose  trunk 
was  prepared  for  the  exhibition  at  Philadelphia,  and  whose  age  was 
estimated  at  2,120  years.  He  gave  us  some  details  of  the  extent 
of  the  culture  of  tea  in  the  Indies,  derived  from  the  Euglisb  journals. 
He  showed  ns  a  bunch  of  grapes,  of  half-white  and  half-red  berries,  and 


222       GENEVA  SOCIETY  OP  PHYSICS  AND  NATDRAI.  HISTORY. 

also  a  remarkable  leaf  and  frait-bearing  stem  of  the  IHaeontium  pertuswm. 
Tbe  same  member,  when  ou  the  subject  of  ttae  inTestigations  of  Profes- 
sor Favre  od  tbe  hill  of  Gassiaa  Bizzardi  Dear  Como,  remarked  tbat  the 
two  Tertiaiy  and  Qaaternary  floras  nortli  of  the  Alps  are  distinctly 
separated  b;  tbe  Glacial  period,  while  south  of  tbe  Alps  the  Pliocene 
and  Quaternary  regions  fadeinto  each  other,  tbe  Tertiary  Qora  already  pre- 
senting many  of  the  plants  of  tbe  present  epoch.  M.  de  CandoUe  like- 
wise made  a  detailed  report  of  the  work  of  M.  Francis  Galton  ou  twins 
in  tbe  human  species. 

Prof.  A.  N.  Cazin,  of  Paris,  booorary  member  of  oar  society,  gave  an 
interesting  recital,  rich  in  details,  of  his  journey  to  the  island  of  St.  PanI, 
to  observe  the  transit  of  Venus. 

.Professor  Dor,  of  Berne,  made  a  detailed  report  of  tbe  experiments 
made  Ttoder  his  direction  by  M.  Decker,  at  tbe  opbthalmological  clinic 
of  Benie,  on  the  inflaence  of  the  trijumean  in  certain  aflections  of  the 
eomea. 

M.  l''atio  described  bis  researches,  made  conjointly  with  M.  Adore, 
to  determine  tbe  moment  at  which,  with  as,  the  winged  form  of  tbe 
Phylloxera  is  prodaced.  It  was  proved  that  the  event  takes  place  iu  the 
middle  of  July.  These  gentlemen  also  discovered  a  plant-louse,  strongly 
resembling  the  Phylloxera,  on  the  leaves  of  the  maple. 

M.  Emest  Favre,  while  distributing  a  memoir  on  the  Jurassic  rocks  of 
the  Yoirons,  entertained  the  society  with  the  discussions  of  geologists 
OQ  tbe  limits  of  the  Jurassic  and  Cretaceous  periods,  and  more  par- 
ticularly on  the  tithooic  stratum  of  cephalopodic  and  coralline  beds. 
Far  from  sharing  the  opinion  of  the  geologists,  especially  the  French, 
who  see  a  great  hiatus  between  the  Osford  beds  and  the  Oretaceons 
deposits  of  our  Alps,  M.  Favre  admits,  with  the  other  Swiss  and  Ger- 
man geologists,  tbat  at  least  for  tbe  Western  Alps,  and  likewise  tbe 
Voirons,  these  are  all  the  equivalents  of  the  Jurassic  rocks ;  and  i  f  we  are 
still  unable  to  verify  all  the  fossiliferoue  levels  of  the  Jurassic  basin,  it 
is  because  the  sediment  was  formed  under  different  conditions,  especially 
with  regard  to  temperatures  and  currents.  Professor  Favre  proves  tbat 
by  examining,  on  the  spot,  the  bill  of  Cassina  Bizzardi,  near  Como, 
where  it  was  claimed  that  there  were  Pliocene  shells  in  the  glacial  ter. 
rains  he  saw  nowhere  betweeu  Mendrisio  and  Chiasso  that  pretended 
mistnre;  that  the  hill  in  question  bears  no  resemblance  to  a  moraine^ 
and  that  it  is  formed  from  a  post-Glacial  alluvium.  The  fossils  fonnd 
there  were  washed  down  by  streams  which  drifted  the  roiling  stones  in 
which  these  fossils  are  imbedded.  M.  Favre  likewise  showed  ua  speci- 
mens of  the  mineral  known  as  the  sapphire  of  tbe  glacier  of  tbe  Bois, 
and  now  classed  by  M.  Specia  with  emeralds. 

M.  Fol  described  in  the  embryos  of  mole-crickets,  before  batching,  a 
larval  heart  analogous  to  that  of  the  larva  of  inollusks.  It  is  a  contrac- 
tile region  of  the  ectoderm  on  both  sides  of  the  body.  The  same  scien- 
tist gave  some  interesting  details  of  the  zoological  laboratories  of 
Kaples  and  Bostock. 
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Professor  Qaatier  kiiidly  coDtinued  to  inform  ns,  as  in  times  past,  of 
new  discoveries  in  astronomy  and  meteorology.  Amongst  other  aob- 
jeots,  he  mentioned  Encke'a  comet,  seven  small  new  comets,  tliree  of 
which  were  discovered  by  M,  Borelli,  the  astronomer  of  Marseilles,  and 
a  chart  of  sbootiug-stars  observed  by  M.  Ferrari  on  the  night  of  the  11th 
of  August,  in  the  neighborhood  of  the  constellations  of  Fereens  and 
Gassiopia.  He  also  alluded  to  s  memoir  published  by  the  observatory 
of  Alliens  on  Goggia's  comet,  and  gave  an  account  of  meteorological 
observations  made  at  the  observatory  of  Berne.  Colonel  Oautier  sub- 
mitted to  ns  au  analysis  of  a  work  by  M.  Trouvelot,  an  American 
astronomer,  on  a  new  category  of  solar  spots,  the  veiled  spots. 

M.  Baonl  Fictet  mentioned  the  second  volume  of  M.  Hiero  on  the 
mechanical  theory  of  heat.  He  also  commuuicated  to  the  society  the 
fact  that  sulphurous  acid,  after  being  ased  for  several  days  in  the  ice 
machine  prepared  by  M.  Fictet,  and  recently  tested  at  Toulon  and  Mar- 
seilles, was  found  much  purer  and  more  limpid  than  at  the  time  of  its 
introduction  into  the  machine,  and  no  longer  held  sulphur  in  suspension, 
and  absolutely  ceased  to  act  upon  metals,  especially  copper.  The  same 
member,  in  giviug  an  account  of  the  trials  he  had  made  to  determine 
the  oouditions  of  equilibrinm  of  a  heavy  body  in  a  gaseous  current, 
pointed  oat  to  the  society  that  there  was  in  the  interior  of  the  conical 
gaseous  jet  an  ovoidal  space,  in  the  interior  of  which  heavy  bodies,  such 
as  balls  of  different  substances,  remain  in  equilibrium,  taking  up  a  very 
rapid  rotatory  movement. 

Professor  Plautamour  commented  before  the  society  upon  a  publica- 
tion of  M.  Tacchiui  on  the  Italian  mission  to  the  Indies  to  observe  the 
transit  of  Venus. 

Professor  Provost  gave  an  account  to  the  society  of  a  memoir  that  he 
had  recently  published  in  the  Bulletin  of  the  Medical  Society  of  Switz- 
erland on  cases  of  alcoholic  delirium  observed  in  the  cantonal  hospital 
of  Geneva,  during  the  year  187i-'75.  The  same  member  mentioned 
the  thesis  of  Dr.  David  on  apomorpbine,  and  also  the  researches  of  M. 
Yulpiaa  on  the  singular  effects  of  the  paralyzatiou  of  the  movement 
of  the  heart.  He  showed  to  ns  a  photograph  of  the  brain  of  an  aphasiao 
patient  observed  at  the  hospital  of  the  canton  of  Geneva.  This  brain,  in 
confirmation  of  Broca's  opinion,  presented  a  lesion  in  the  third  convoln- 
tioa  of  the  left  frontal  hemisphere.  On  this  occasion.  Dr.  FrtSvost  re- 
af&rmed  that  a  lesion  in  the  island  of  Hetl  might  have  the  same  conse* 
quence.  He  showed  to  the  society  a  rat  that  had  been  perfectly  pre- 
served for  two  years  by  means  of  an  injection  of  six  grains  of  chloral. 
Moreover,  M.  Pr6vost  presented  to  ns  the  circular  of  the  committee 
charged  with  the  organization  of  the  fifth  session  of  the  periodical  In- 
ternational Congress  of  the  Medical  Sciences  to  meet  at  Geneva,  Sep- 
tember 9, 1877,  and  gave  some  details  of  the  congress. 

M.  Bisler  presented  an  analysis  of  M.  Ebermayer's  work  on  the  influ- 
ence of  forests  on  climate.    The  same  member  furnished  us  with  some 
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details  of  the  effects  of  a  stroke  of  lightning  upon  five  telegraphic  posts, 
placed  at  a  distaace  of  30  metres  (100  feet]  apart  The  mark  left  by  the 
flnid  was  a  spiral ;  this  passed  Irom  four  to  five  times  aroand  tlie  post,  but 
the  post  next  to  the  last,  which  was  of  ash,  was  less  injured,  and  the 
fractnre  was  in  the  form  of  a  straight  furrow. 

M.  Sarasin  gave  an  account  of  a  work  by  M.  Weber  on  the  specific 
heat  of  carbon,  boron,  aud  sUicon  (see  Arckivea,  No.  210,  p.  407). 

M.  H.  de  Saussure  furnished  some  details  on  the  fauna  of  Tnrkistao, 
presenting  at  the  same  time  the  first  nnmber  on  the  Orthoptera  of  that 
country,  now  being  published  by  M.  Tcbenko.  The  same  gentleman 
mentioned  the  scientific  collections  wLich  he  had  had  the  opportunity 
of  seeing  at  Vienna. 

Professor  Soret  gave  us  some  information  about  the  zoological  labo- 
ratory of  Areachon. 

M.  Turrettini  spoke  of  the  tension  of  the  overhanging  granite  of  St. 
Gothard.  The  parts  laid  bare  press  toward  the  vacancy,  and  break  np, 
often  with  violence,  which  made  it  necessary  to  arch  the  whole  leo^h 
of  the  tunnel,  contrary  to  anticipation. 

Professor  Wartmann  described  to  the  society  the  resnltfi  obtained  by 
M.  Lockyer  from  observations  on  the  variations  of  the  calcium  spectram. 
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REPORT  ON  THE  TRANSACTIONS  OF  THE  GENEVA  SOCIETY  OF 
PHYSICS  AND  NATURAL  HISTORY,  FROM  JUNE,  1876,  TO  JUNE, 
1877. 


By  Adolf  Favke,  Prttident. 
fTranBlated  fat  the  SmithBonian  Institation  by  M.  A,  Henry.] 


Gbnti^men  :  Called  for  the  secosd  time  to  render  an  accoaat  of  all 
that  concerna  oar  society,  I  have  the  pleasnre  to  state  that  the  nnmber 
of  members  has  considerably  increased,  notwithstanding  oar  prevloas 
sad  losses. 

Id  presenting  to  yon  a  summary  of  the  condition  and  proceedings  of 
the  society,  as  well  as  of  the  various  sabjects  which  have  engaged  yonr 
attention  during  tho  seventeen  meetings  of  the  year,  I  will  follow  the 
nsnal  order. 

I. — OBITCAKT  MOTICES. 

Joseph  de  Notaris,  made  an  honorary  member  of  onr  society  in  1871, 
was  born  in  ISOS  at  Milan,  was  of  a  noble  family,  and  died  at  Borne  on 
22d  of  Jannary,  1877.  During  his  medical  stndies  at  the  University  of 
Borne,  where  he  received  the  deifree  of  doctor,  he  acquired  an  ardent 
taste  for  natural  history.  In  1832  be  was  made  professor  of  botany  at  the 
Lyceum  of  Milan ;  in  1836,  assistant  in  the  Museum  of  Katural  History 
of  Tnriu;  in  1839,  profeasor  at  the  University  of  Genoa,  and  director  of 
the  Garden ;  and  finally,  in  1872,  be  accepted  the  same  position  at  Borne. 
This  was  contrary  to  the  advice  of  his  Mends,  who  feared,  not  withoat 
reason,  disappointment  in  the  hopes  he  had  conceived  of  the  restoration 
of  the  Garden  and  of  science  in  the  new  capital  of  Italy.  His  nomination 
to  the  Senate  was  but  a  small  compensation  for  the  numerous  difiBculties 
he  enconotered. 

As  soon  as  he  was  established  at  Turin,  J.  de  B'otaris  commenced  the 
pablicatiob  of  botanical  works,  particularly  upon  Cryptogamia.  The 
memoirs  devoted  to  the  mosses  have  been  collected  in  a  magnificent 
volume,  published  at  the  expense  of  the  municipality  of  Genoa,  and  con- 
stitute a  reliable  system  of  Italian  Bryology,  to  which  the  Academy  of 
Sciences  of  Paris  awarded  the  Deamazi&res  prize. 

The  other  branches  of  Oryptogamy  were  also  pursued  with  careful  and 
accurate  research  by  the  learned  professor.  J.  de  Notaris  was  the  soul 
of  an  important  publication,  "  VSerbier  cryptogamigue"  {the  Cryptogamio 
Herbal).  The  flora  of  Liguria,  as  well  as  the  fragmentary  records  of 
Egyptian  Agrostography,  equally  attest  his  profound  knowledge  in 
every  branch  of  botany. 
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Two  days  atter  the  death  of  Joseph  de  IN'otaris,  oar  society  sast^ned 
the  loss  of  Jean  Christian  Foggendorffj  added  to  the  numbei  of  her  hon- 
orary members  in  1874,  as  an  ezpressioo  of  bet  sympathy  with  this 
.illuatrioas  savao,  on  the  occasion  of  afSte  celebiatAd  in  commemocatioD 
of  the  fiftieth  year  of  the  publication  of  the  annals' bearing  bis  name. 

Bom  on  the  -9th  of  December,  179C,  deceased  at  Berlin  on  the  24th 
of  Jannary,  1877,  this  learned  physicist  labored  unceasingly  from  1821 
nntit  the  time  of  his  death,  which  came  to  bim  after  a  short  illness. 

During  liislaborioas youth,  hisuncommou  energy  led  him  into  a  path  in 
wbich  bis  active  perseverance,  his  just  and  clear  understanding  secured 
the  esteem  and  respect  of  all  savaos.  Id  1820,  he  was  matriculated  at  the 
University  of  Berlin ;  in  1834,  received  the  degree  of  doctor  of  philos- 
ophy ;  was  nominated  professor  at  the  same  university  ;  and  in  1839,  was 
made  a  member  of  the  Academy  of  Sciences  of  Berlin.  Still  a  young 
man,hestadiedchemistry,  and  soon  devoted  bimself  to  physical  research, 
especially  in  the  line  of  electricity. 

In  1824,  be  commenced  the  "■Annales  de  Chimie  et  de  Pla/gique  "  (An- 
nals of  Chemistry  and  Physics),  which  succeeded  the  Annales  of  Gil- 
bert. The  1C6  volumes  which  have  appeared  in  the  coarse  of  fifty-three 
years  contain  many  of  his  own  works,  as  well  as  additions,  criticisms, 
and  elaborations  of  the  memoirs  of  other  scientists.  This  important 
publication  did  not  prevent  him  from  engaging  with  Liebig  in  the  forma- 
tion of  a  dictionary  of  chemistry,  while  at  the  same  time  he  was  giving 
to  the  world  various  biographical  sketches  and  a  biographical  dictionary. 

The  death  of  Poggendorf  is  a  great  loss  to  science.  He  not  only  con- 
tributed toitsadvanceby  hisoriginal  investigations,  butrendered  easier 
for  others  the  researches  to  be  made  in  physical  science,  still  a  maze  of 
confusion  wbich  every  day  renders  it  more  necessary  to  reduce  to  order. 

II. — THE  SOCIETT. 

Our  society  has  added  this  year  to  its  regular  members  Dr.  Pierre 
Duuant,  M.  Scbiff,  Dr.  Julliard,  and  M.  Zahn,  all  four  professors  of  the 
university.  These  elections  carry  the  number  of  regular  members  up  to 
fifty,  the  limit  according  to  rule  of  admission,  so  that  at  present  our 
society  is  full. 

From  the  ranks  of  tbe  free  associates  we  have  had  the  misfortune  to 
lose  Messrs.  Charles  Eynard  and  Fr^vost-Martin ;  we  have,  however, 
added  to  them  Charles  Golaz,  William  Favre,  Charles  Bigaud,  Emite 
Pictet,  Domftine  Rons,  and  Ernest  Ouvelle. 

Professor  Wartmann  was  elected  president  for  the  year  1877-78,  and 
Messrs.  Marignac,  Edward  Sarasin,  and  Philippe  Plantamonr  were  con- 
tinued in  their  ofiQces  of  secretaries  and  treasurer,  and  received  the  thanks 
of  the  society  for  the  manner  in  wbich  they  had  fulfilled  their  trust. 

You  have,  gentlemen,  taken  an  important  step,  it  may  be  well  to  men- 
tion here.  In  view  of  the  constant  increase  in  tbe  number  of  ordinary 
members  and  f^ee  associates,  and  the  consequent  insufficiency  in  the 
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sapply  of  onr  Memoirs,  it  was  decided  that  there  should  no  longer  he  a 
general  distribution,  but  that  tbe  members  and  associates  should  ho  ad- 
vised,  as  sood  as  a  volame  appeared,  that  it  could  be  obtained  at  a  cer- 
tain  place  appoiated,  and  if  not  claimed  at  the  end  of  two  years  it  would 
he  at  the  disposal  of  the  society.  This  decision  does  not  affect  the  dis- 
tribution of  oar  Memoirs  abroad. 

The  committee  of  publicatiou  has  been  charged  to  make  every  effort  to 
obtain  for  tbe  society  former  volnmes  necessary  to  complete  our  series. 

The  society  baa  published  daring  the  past  year  the  second  part  of 
volumeXXIVofits  Memoirs,  containing  articles  by  M.  Plantamour  aod 
M.  de  Loriol.  To  this  must  be  added  the  first  part  of  volume  XXV,  con- 
tainiog  a  memoir  of  M.H.de  Saussnre ;  and  we  have  still  in  press  the  first 
part  of  volume  XXYI,  containing  memoirs  of  M.  Doby  upon  new  species 
of  mosses,  of  M.  E.  Favre  npon  tbe  geology  of  tbe  Crimea,  and  other 
interesting  matter. 

In  regard  to  the  memoirs  in  competition  for  tbe  prize  founded  by  A. 
P.  de  Candolle,  to  be  presented  in  1879,  tbe  society  caused  the  following 
notice  to  be  published  in  various  jonrnala  {Archives  des  seiences  pliysiquea 
et  naturelles,*  March,  1877). 

"  Prize  fotjkdbd  by  Auqustin  Pyhamus  db  Cahdolle  foe  the 
best  monogbapn  tfpon  a  species  or  a  family  op  plants. 

"A  competition  is  now  opened  by  the  8oci4ti  de  physique  et  d?histoire 
naturelle  de  Gen&ee  for  the  best  nnpublisbed  monograph  of  a  species  or 
family  of  plants. 

"The  manuscripts  may  be  written  in  Latin,  French,  English,  or  Ital- 
ian. They  must  be  sent,  postage  paid,  before  the  1st  of  October,  1879, 
to  Professor  de  Marignac,  corresponding  secretary  of  the  society  at 
Geneva.    Members  of  the  society  are  not  admitted  to  the  competition. 

"The  prize  is  fiOO  francs.  It  may  be  reduced  or  not  awarded  in  ease 
the  articles  do  not  correspond  to  the  conditions  of  this  notice. 

"Geneva,  Febrnary,  1877. 

"A.  Favre," 
Pi'eHdent  of  1M  Society. 

III.— LABORS  OF  THE  SOCIETY. 

1 .  Physics. — Professor  Plantamoar  has  given  an  account  of  a  work  pub- 
lished by  him  with  Professor  Wolf,  of  Zurich,  upon  the  telegraphic  deter- 
mination of  the  difference  of  longitude  between  tbe  observatory  of  Zurich 
and  the  astronomical  stations  of  Pfiindler  (near  Bregenz)  and  of  Oiibria 
(Appenzell).  TbeastrooomerOppolzerassistedinthiswork.  Duringthese 

•  Id  fntare  we  will  mention  tliis  reTiew  Bimply  m  JrtMpcf. 
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observations  it  was  observed  that  the  peDilalams  of  U.  Wolf  and  il. 
Oppolzer  were  influeoced  in  tbeic  coQrae  by  the  electric  register  wliicb 
accompanied  Ibem,  wbile  the  pendulum  of  M.  Flantamonr,  coDstmeted 
by  M.  Hipp,  was  not  ia  the  least  disturbed.  la  fact  the  probable  error 
for  each  combiDation  of  loogitade  is  from  seven  to  eight  thoasaodths  of  a 
second.  The  measmes  gave  for  the  difference  of  longitude  between  the 
three  stations : 

Pfaudler-Zurich 4    63.691 

■Ciibris-Zurich 3    40,070 

rfandler-Gabria 1    13.621 

M.  Baonl  Pictet  has  proved  an  anomaly  in  the  law  of  the  ditTusion  of 
gases,  in  the  fact  that  snlpharons  acid  passes  through  India  rnbber  with 
greater  fkcility  than  hydrogen ;  a  balloon  of  India  rnbber  containing 
sulpImroQS  acid  will  soon  be  emptied.  By  filling  with  this  gas  a  glass 
tube  closed  at  the  upper  end  by  a  sheet  of  indta  rubber,  and  plunging 
the  lower  end  of  the  tube  into  mercnry,  the  rapidity  of  the  escape  of  the 
gas  may  be  measured  by  the  ascent  of  the  mercnry  in  tbe  tube. 

Professor  Soret  has  entertained  the  society  at  two  sessions  with  some 
new  researched  made,  with  M.  Edward  Sarasin,  njion  the  rotatory 
polarization  of  quartz,  particnlarly  for  the  ultra  violet  rays,  by  means 
of  a  spectroscope  with  a  dnorescent  eye-piece.  This  instrument  was 
described  in  the  Archives  in  December,  187(i.  The  results  of  tbe  labors 
of  MM.  Soret  and  Sarasin  are  given  in  the  Comptes  rendus  Se  VAcad^ie 
dea  Sciences,  t.  83,  p.  188. 

Professor  Wartinann  made  a  ccmmnnicatiou  upon  the  eztrapolar 
deviations  observed  npou  mercnriul  conductors,  whether  vats  or 
troughs.  He  produced  a  very  sensible  current  by  placing  the  two 
extremities  of  the  wire  of  a  galvanometer  in  the  neighborhood  of  the 
pole  of  a  oarrent  passing  through  a  trough  or  vat  filled  with  mercnry, 
but  beyond  the  line  of  tbe  poles. 

Iiucien  de  la  Bive  presented  a  work  upon  the  specular  reflection  of 
sur^Kies  covered  with  hairs,  considering  them  as  cylinders  with  a  circular 
base.  The  anther  demonstrated  that  a  surface  covered  with  cylinders 
presented  other  brilliant  points  than  those  of  the  surface  itself.  {Ar- 
chives, 1876,  t.  57.) 

Professor  Marigiiac  made  in  his  laboratory  some  experimonts  upon 
capsules  of  tempered  glass ;  one  of  them  very  well  resisted  the  gas 
flame,  but  half  a  miunte  after  the  extinction  of  the  flame  it  exploded 
like  a  Rupert's  drop. 

M.  Theodore  Tnrrettinl  observed  that  a  mixture  of  snow  and  chloride  of 
magnesium  gives  a  temperature  of — 34°  C.  {—29°  F.},  while  the  mixture 
of  snow  and  chloride  of  sodinm  gives  only— 18°  C.  (— 2oF.)  An  im- 
portant use  may  therefore  be  made  of  a  product  very  abundant  in  mother- 
waters  which  lias  hitherto  been  thrown  away.    The  donble  chloride  of 
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potassiam  and  of  magDeaiam  Is  also  a  prodactof  tbe  mother-liqaors  wfaich 
is  Bot  deliqaesceut,  and  wbich  presents  some  advantages  over  the 
chloride  of  magDesinm.  It  gives  a  temperatare  of  — 32°  to  — 34°  0. 
(— 26°  to  —290  F.) 

M.  Torrettini  showed  that  the  temperatare  to  which  may  be  carried  a 
solution  of  salt  or  of  chloride  of  magQeunoi  ia  vater  is  the  same  as  that 
produced  by  salt  or  by  this  chloride  when  mixed  nith  snow:  thus  the 
solotioD  of  chloride  of  magnesium  freezes  only  at  — SiP  G.  ( — 29°  F.) 

M.  Torrettini  also  exhibited  and  explained  the  diplograph,  a  writing- 
machine  for  the  use  of  the  blind,  invented  by  M.  Ernest  Eecordon  of 
Lausanne,  and  constructed  by  the  Geneveae  Society  for  the  Mannfactnro 
of  Physical  Instramenta.  This  machine  forms,  at  the  same  time,  char- 
acters in  relief  for  the  blind,  and  ordinary  printed  letters  for  those  who 
can  see;  so  that  the  blind  can  correspoitd  with  each  other,  and  those 
who  have  sight  with  the  blind. 

2.  Meteorology  and  terrestrial  physics. — Professor  Plautamonr  presented 
to  our  society  a  r6sum6  of  the  principal  results  of  a  work  upon  the  baro- 
metric observations,  the  hygrometric  state  of  the  atmosphere,  the  uebn- 
losity,thorain,  and  the  wind  observed  at  Geneva  during  the  fifteen  years 
comprised  between  1861  and  1875.  These  researches,  Which  were  con- 
sid^able  in  extent  and  important  in  resalts,  were  published  in  the  twenty- 
fourth  volnme  of  onr  Memoirs,  under  the  title  of  N'ouvelles  itudes  sur  le 
climate  de  Gim^e  (Kecent  investigations  of  tbe  climate  of  Geneva),  and 
were  discussed  by  Professor  Gantier  in  the  Archives,  1877,  t.  58.  They 
formed  a  sequel  to  a  volume  published  by  M.  Plantamonr,  in  1SG3,  upon 
tbe  climate  of  our  country  from  1826  to  1860. 

Dr.  Forel  while  pursuing,  as  we  know,  with  great  jjerseverance  bis 
investigations  of  Lake  Leman,  succeeded  in  discovering  the  form  of  the 
seiches — oscillations  of  the  water  in  the  direction  of  the  length  and  the 
width  of  the  lake.  This  exposition  is  equally  applicable  to  the  movement 
of  the  waters  of  the  lakes  of  Brienz  and  of  Waltenstadt.  The  obser- 
vations wbich  served  as  tbe  base  of  these  calculations  were  made  with 
a  limuimeter  register.    (See  Archives,  1876,  t.  56,  57,  and  59.) 

To  carry  the  study  of  this  oscillation  of  the  water  further  than  can  be 
done  in  a  single  locality,  Professor  Plantamonr  examined  this  move- 
ment at  Secberon  near  Geneva.  He  recognized  its  existence,  bat  it  was 
produced  here  in  a  contrary  direction  from  that  at  Merges.  When  it 
was  low  at  Morges  it  was  high  at  Geneva  and  vice  versa.  Professor 
Plantamonr  caused  a  limuimeter  register  to  be  established  at  Secheron. 
{Archives,  1877,  t  68.) 

Dr.  Forel  has  also  studied  the  transparency  of  the  waters  of  Lake 
Leman.  He  determined  it  by  measuring  the  depth  at  which  a  ivhite 
disk  ceased  to  be  visible  in  the  water,  or  by  measuring  the  minimum 
depth  at  which  a  photographic  plate  experienced  no  alteration.  A 
white  disk  of  25  centimetres  (10  inches)  in  diameter  diaapreared,  from 
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May  to  December,  at  C".  6  (22  feet) ;  in  winter  at  10».  1  (33  feet ;)  io  Marcli, 
1875,  it  vaa  neceasary  to  sink  it  to  17'°  (56  feet.)  The  limit  of  pboto- 
giaphic  action  waa  found  to  be  45°  (148  feet)  in  sommer,  and  100™  (328 
feet)  in  winter.  According  to  the  aothor  the  transparency  of  the  water 
of  the  lake  depends,  first,  apon  the  temperatare;  second,  npon  the  pro- 
]K>rtion  of  organio  matter  in  sospension  in  the  water.  The  latter  is  more 
abundant  in  sammer  than  in  winter,  because  the  waters  of  the  lake  in 
the  first  of  these  two  seasons  present  strata  of  different  temperatates, 
prodaciDg  differences  in  density,  and  the  result  is  that  the  organic 
matter,  also  differing  in  density,  will  seek  a  stratam  of  a  corresponding 
density  and  will  be  there  held  in  snapension.  In  winter  the  te mperatore 
of  the  water  being  more  uniform,  the  sabatances  are  retained  in  mach 
less  quantity.  {Bid!etm  Soe.  vaudoUe  dea  So.  nat.,  1674,  t.  ziii;  1875,  t 
ziv;    and  Comptet  rendus  de  VAcadimte  det  8cieme»,  1877,  t.  84,  p.  311.) 

M.  BaonI  Pictet  has  presented,  in  regard  to  the  intermittent  fountain 
of  Vichy,  a  theory  by  which  he  has  been  enabled  to  explain  tlte  sin^ar 
movemcDts  of  waters  more  clearly,  since  he  has  succeeded  in  constmct- 
ing  an  apparatus  which  produced  them  in  miniature.  This  fountain  pro- 
ceeds from  a  tube  which  descends  to  a  depth  of  107°>  (351  feet),  at  the  base 
of  which,  therefore,  there  must  be  a  pressure  of  ten  atmospheres.  The 
eruption  of  water  mingled  with  gas  is  produced  for  about  an  hour,  rises 
to  ten  ortwelve  meters  (33  or  39  feet),  and  ceases  for  five  or  six  hours. 
If  the  pipe  reaches  a  little  below  the  most  elevated  portion  of  an  im- 
permeable vault  which  covers  a  part  of  the  sheet  of  water,  the  gaaes 
which  are  generated  by  the  waters  of  Vichy  accumulate  in  the  vault, 
drive  the  water  to  the  lower  edge  of  the  conduit  and  escape  with  it 
over  the  latter.    (See  ArehiveSt  1876,  t.  57.) 

M.  Theodore  Turrettini  has  made  known  the  results  obtained  by  M. 
Fictet  and  himself  in  the  fabrication  of  transparent  ice  by  means  of 
the  machine  employed  by  the  firm  of  £aool  Pictet  and  Company. 
As  alow  freezing  of  the  water  could  not  be  managed,  MH,  Turrettini 
and  Fictet  tried  agitating  the  water  under  the  pneumatic  pump  in 
order  to  drive  out  the  air,  but  the  middle  of  the  blook  of  ice  fonned 
was  more  or  leas  opaque  on  account  of  a  sort  of  crystallization.  M.  Tur- 
rettini has  at  last  succeeded  in  obtaining  some  perfectly  transparent  ice 
by  causing  globules  of  air  to  pass  through  the  water  to  be  frozen,  in  a 
continuous  current.  These  liirge  globules  of  air  seemed  to  carry  wway 
with  them  the  small  atr-bnbbles,  which  even  more  than  the  eryatalliza- 
tion  appeared  to  cause  the  non-transpu^ncy  of  the  ioe. 

3.  Geology  and  chonohology. — Professor  Benevier  has  exhibited  a  ftfaett 
of  the  Swiss  Alpine  Olub  on  a  scale  of  77(071)  colored  geoIogioaUy,  pre- 
pared for  the  federal  commission  of  the  geological  ehort  of  Switzeriand. 
It  inciades  the  moat  elevated  parts  of  the  Vandoia  Alps,  the  rocka  of 
Diablerets,  of  the  Mnveran,  &c.,  and  extends  along  the  right  Acre  of  the 
Bhone  to  the  north  of  Martigny  in  Valais,  from  the  village  of  Ardoa  to 
that  of  Ollen,  to  the  north  of  Bex.    This  when  published  will  be  accom- 
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panied  witli  nnmeroaa  raised  sections,  prepared  with  the  greatest  care, 
BO  as  to  represeDt  the  coQDtry  ia  all  its  details.  The  inTersions  of  the 
strata  are  so  natnerons  in  this  region  as  to  be  almost  the  normal  condttioo ; 
not  less  than  thirty-six  geological  stages  may  be  counted  in  this  chart, 
from  the  crystalline  schists  to  the  modern  allnviams.  Among  the  new 
facts  contained  in  a  memoir  pnblished  by  Benevier,  on  the  appearance 
of  this  chart,  we  mention  the  discovery  of  a  tooth  of  OMuk  in  the  sand- 
stone of  Taveynnaz,  This  is  the  first  time  a  fosBilhas  been  observed  in 
this  rock.     {Arehives,  1867,  t.  59.) 

Professor  A.  Farre  baa  given  some  explanations  of  the  geological, 
chart  of  the  canton  of  Geneva,  scale  ^^^si  and  submitted  them  to  the 
society.  The  various  strata  which  compose  this  region  have  been 
already  described  elsewhere.  The  most  ancient  rock  is  the  sandstone, 
which  is  divided  into  the  red,  or  lower,  sandstone,  and  the  gray  sand- 
stone, containing  traces  of  lignite  and  gypsnm. 

The  BDcient  allnvinm  rests  npon  the  sandstone,  and  appears  at  Tari> 
OQB  levels;  it  is  composed,  at  its  base,  of  clay  without  pebbles,  and  with 
lignite  sarmonnted  with  a  formation  of  worn  pebbles  and  sand,  often 
in  a  State  of  hard  conglomeration.  M.  Eavre  has  recently  discovered  in  it 
scratched  pebbles  and  insertions  of  a  rook  of  a  glacial  character,'  [Bulle- 
Hn  8m.  giol.  de  France,  1875,  iii,  fc  723,  and  Arehiv^,  1877,  68,  p.  18).  If 
snoh  obswvfttioQ  are  multiplied  they  will  probably  aoqnire  such  impor- 
tance that  a  ftffhtstion  may  be  deduced  from  them  of  the  hypothesis  of 
two  glacial  periods.  The  gladal  stratum  resting  open  the  ancient  alia- 
vinm  is  coihposed  of  clay  more  or  less  gravelly;  it  cooBtitates  the 
lai^est  part  of  the  earfoee  of  the  canton.  Erratic  blocks  are  foond  npon 
it,  all  from  the  valley  of  the  Bhooe,  while  there  appear  to  be  DODe  from 
the  valley  of  the  Arve. 

The  post-glacial  allnviams  are  compoBed  of  gravel  and  of  tend  froni  ter- 
races more  or  less  derated  npon  the  borders  of  the  lake  and  of  the 
riven.  They  ooutluD  many  pebbles,  broken  and  indented.  Tliis  de- 
stntotion  or  deoomposHiion  of  pebbles,  near  the  surfhce  of  the  soil,  is 
withoat  doubt  one  of  the  principal  canses  of  the  formation  of  vegetable 
earth.  We  find  in  the  canton  much  sandy  soil,  fine  sand,  and  small 
gravel.  These  are  of  difiierent  ^es,  and  formed  of  vaiions  rocks. 
Itetteles  of  oxidized  iron  are  found  in  them,  which  attest  their  Alpine 
origin.  Peat  and  marshy  ground  are  not  of  freqnent  oconrrence  in  Ute 
eadton.  H.  E.  Rivre  htM  proented  Some  rettutrka  upon  the  ori^h  ofan- 
dmi  aUwelu^,  He  has  indicated  the  principal  oharacteristies,  end  has 
espeeially  dwelt  ttpaa  the  sections  of  the  Bofs  de  la  Bfttle  and  the  quarry 
of  MategslD.  Be  oonelndes  that  the  fbrinatton  of  this  stratum,  entirely 
ComiKKed  of  worn  pebbly  Was  intimately  connected  with  the  extensioa 
of  Moient  glaciers,  and  that  its  presence  at  various  levels  on  the  sides 
of  the  monntaiBS  and  in  the  bottoms  of  Uie  vMleys  is  because  the  i06 
covered  very  uneven  gnmod.    (Ar<Aivea,  1S77,  t.  68.) 

M.  de  Loriol  liM  exhibited  two  apeoieb  of  SoMmoilda  frotn  Haurioe  Id- 
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and,  one  belonging  to  the  genas  Sriasus,  the  other,  the  S^inolampai 
Alexandri.  This  genus  made  its  appearanoe  with  the  Tertiary  forma- 
tion. The  species,  nomerons  in  the  £ocene,  leas  extensive  in  the  Mio- 
cene, rarer  still  in  the  Fliocene,  namlKr  fonr  at  the  present  time.  (See 
vol.  XXIV  of  oar  jtfemoirt.) 

A  few  years  hence  the  conchologiets  of  oar  coantry  wonld  be  mach 
pazzled  to  explain  the  appearance  of  two  fresh  water  shells,  Paludina 
vivipara  and  PlunorbU  eomeut,  if  M.  H.  Fol  had  not  taken  the  precau- 
tion to  infonn  our  society  that  be  bad  pnt  in  the  salt  marsh  of  Sionnet  a 
certain  namber  of  these  mollusks  to  see  whether  they  could  be  accli- 
mated. 

i.  Animal  physiology  and  medicine. — Professor  Scbiff  has  sought  to 
modify  the  hypothesis  of  M.  Dubois  Baymond,  of  the  electric  nature 
of  the  oervons  agent,  and  to  determine  whether  electric  currents  are 
produced  in  the  nerves  of  living  animals.  Using  very  sensitive  appa- 
ratus and  operating  upon  the  sensitive  nerve  of  a  frog  decapitated 
jast  at  the  moment  of  the  experiment,  the  resnlt  was  negative.  Id 
other  experiments  M.  SdhiS  employed  the  mnsclea  of  the  thigh  of  a 
frog  cleaned  and  arranged  so  as  to  serve  as  a  connection  between 
two  electrodes.  He  observed  no  cnrrent,  and  the  learned  professor 
coDcloded  that  none  was  produced,  in  the  absence  of  all  lesion  in 
the  uncut  nerves.  He,  however,  immediately  perceived,  the  formation 
of  a  cnrrent  when  the  nerve  was  merely  pinched.  After  the  hypoglos- 
sal nerve  of  a  dog  has  been  cat  and  tbo  wound  healed,  the  nerve  is  no 
longer  in  a  normal  condition.  Uncovered  at  the  moment  of  experiment 
it  gives  variable  electric  effects.  In  operating  upon  the  pnenmogastrio 
nerve  of  cats  and  rats  under  the  influence  of  alcohol  and  ourara,  kept 
at  the  temperature  of  the  sorrounding  air,  M.  Scbiff  observed  no  cur- 
rent ;  bat,  on  binding  or  tying  the  nerve,  the  cnrreut  was  formed  imme- 
diately. M.  Schiff  thinks,  therefore,  that  in  the  normal  condition  of 
the  nerve  and  in  the  state  of  immobility  of  the  living  animal  there  is  no 
cnricut;  that  when  the  current  is  produced,  it  results  from  the  death  of 
the  nerve,  or  from  nervous  activity  and  the  contraction  which  accom- 
panies it. 

The  same  learned  gentleman  addressed  the  Eociety  upon  the  proper- 
ties of  nicotine  as  a  poison,  and  the  action  of  tbe  liver  under  the  effects 
of  this  poison.  The  nicotine  injected  onder  tbe  skin  of  a  dog  produced 
death  in  a  few  moments.  When  the  nicotine  was  forced  through  the 
liver,  its  effects  were  weakened ;  the  oicotioe  is  destroyed  by  this  or- 
gan. The  nicotine  doubled  has  very  nearly  biliary  activity.  Until 
DOW  only  iocyamine  was  known  which  produced  similar  effects;  and 
according  to  M.  Lantenbach  the  action  of  tbe  liver  is  more  complete 
apon  this  poison  than  upon  tbe  nicotine.  One-sixtieth  of  a  drop  of  this 
substance  is  snfQcieot  to  kill  a  frog,  after  the  liver  has  been  tied,  al- 
though one-twentietb  is  sufficient  in  the  ordinary  state.  The  tying  of 
the  vena  porta  of  a  dog,  of  a  cat,  or  of  a  rabbit,  prodaces  the  death  of 
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the  aoimal  in  about  two  hoora  and  a  half,  with  oircamstaDces  similar  to 
those  caused  by  morphine  or  any  other  narcotic.  If  two  cabiu  centime- 
tres of  ttie  blood  of  a  dog,  the  vena  porta  of  which  has  been  tied,  are 
inserted  in  a  frog,  and  in  another  frog  the  same  quantity  of  the  blood 
of  a  dog  intact,  at  the  end  of  three  hours  the  first  frog  will  be  dead, 
while  the  second  will  be  in  good  condition.  M.  Schiff  concluded  from 
this  that  the  action  of  the  liver  destroys  the  nicotine,  and  that  there  is 
constantly  produced  in  the  digestive  organs  of  man  and  of  animals  a 
poisonous  aabstance  which  would  destroy  them  in  a  very  short  time  if 
they  were  not  continually  aaved  by  the  action  of  the  liver. 

Professor  Zahn  submitted  to  the  examination  of  the  society  a  prepa- 
ration of  the  costal  cartilage  of  man,  showing  a  pigmentary  inhUration 
of  the  cells.  This  infiltration  is  a  new  characteristic  of  this  cartilage, 
and  has  not  been  mentioned  iu  any  treatise  on  pathological  anatomy, 
althongh  M.  Wechl  and  M.  Wirchow  have  both  mentioned  the  pigmen- 
tation. It  is  four  years  since  M.  Zahn  first  noticed  this  infiltration ; 
since  then  he  has  often  observed  it ;  it  exists  in  half  the  men  over  forty 
years  of  age.  General  pigmentation  has  been  observed  by  him  only  in 
two  cases  of  severe  ictarus.  {Arekives,  1877,  t.  58.)  M.  Schiff  adds  that 
he  has  been  able  to  produce  this  pigmentation  by  the  slow  compression 
of  the  biliary  livers. 

Dr.  Prfivost  has  given  a  description  of  a  case  of  aphasia  observed  in 
a  young  girl,  who,  although  attacked  with  a  right  hemiplegia,  retained 
all  her  intelligence.  The  apha&ia  continued  after  the  hemiplegia  disap- 
peared, and  the  patient  could  pronounce  words  only  when  she  sang  them. 

Professor  Plantamoar  drew  the  attention  of  the  physiologists  to  the 
difference  in  the  power  of  perception  of  the  transit  of  stars  according  to 
the  inclination  of  the  head.  He  remarked  this  fact  several  times,  and 
again  recently  during  some  observations  made  with  Colonel  OrtT,  who 
baving  difficulty  in  seeing  on  account  of  the  position  of  the  eye-glass, 
bent  moreor  less  his  head.  The  result  was  a  very  noticeable  difference 
in  the  appreciation  of  the  transit  of  stars. 

M.  H.  Fot  gave  no  account  of  his  researches  in  regard  to  the  fecun- 
dation of  eggs,  especially  of  sea-urchins.  The  details  of  these  remark- 
able researches  may  be  found  in  several  articles.  {Archives,  1877,  t.  58,  p. 
439  j  Comptes  rcndus  de  VAcadimie  dea  Sciences  de  Paris,  1877,  t.  84,  p. 
2G8,  357,  and  G59.) 

M.  V.  Fatio  has  made  known  certain  variations  in  species  among 
fishes,  such  as  alterations  in  the  form  of  the  mouth  on  account  of  the 
medium  in  which  these  animals  live,  as  well  as  correlative  modifications 
in  various  parts  of  the  body. 

5.  Botany, —Ptoiessot  Candolle  has  given  some  details  of  a  work  he 
has  just  completed  relative  to  the  family  of  iSiniZacete.  This  is  a  part  of  a 
work  entitled  Monngmphiis  Fkanerogamarum,  which  he  prepared  with  his 
son  and  several  other  assistants.  This  family  is  well  defined  by  its  char- 
acteristics, and  is  divided  into  three  genera :  Reterosmilax,  SmitaXf  and 
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Shipha{}onum,  M,  de  Candolle  has  been  able  to  prove  tbat  sevcrnl 
species  have  been  described  nnder  two  names,  and  has  made  known 
fifty-five  new  species.  The  present  geographical  distribution  of  plants 
of  this  family,  combined  with  onr  knowledge,  nnhnppily  imperfect,  of 
fosail  SmilacetB,  allows  the  presnmption  that  dispersion  in  former  times 
was  mach  greater  than  at  present.  Jfow  the  Smilactw  are  fonnd  only 
in  the  district  comprised  between  Japan,  India,  Kew  Caledonia,  and 
the  Sandwich  Islands.  From  this  limited  region  to  Brazil,  the  Caf>e, 
and  the  Azores,  only  a  few  genera  or  sabgenera  are  found. 

M.  Daby  submitted  a  work  accompanied  with  plates  relative  to  a  genns 
and  eighteen  new  species  of  moss  irom  Japan,  the  Philippine  Islands, 
and  Maurice  Island.  Tbey  belong  to  the  genera  Batranica,  Orthotrichum, 
Sclilotheimia,  Pterobrium,  Eypnum,  and  Scnoniella.  M,  Dnby  called 
attention  to  the  large  nnmber  of  mosses  found  at  the  same  time  in 
Maorice  Island  and  the  Snnda  Islands.  (See  part  1  of  vol.  XXVI  of 
onr  Memoirs.) 

M,  Mare  Micheli  has  given  Qcoouht  of  the  most  recent  investigations 
relative  to  insectivorons  plants.  {Artktvea,  1877,  t.  58,  p.  393).  M.  Dnby 
mentioned  on  this  occasion  that  other  plants  exnded  digestive  acids, 
among  others  the  Petunias,  which  capture  certain  insects  by  means  of 
glutinous  glands. 

6.  Statiatiea. — Dr.  Dunoiit  called  the  attention  of  the  society  to  the 
change  in  tbe  population  of  the  city  of  Geneva  &om  1845  to  1872. 

At  no  period  has  tbe  increase  by  naturalization  been  as  great  as  frdm 
from  18M  to  1860.  Tbe  proportion  of  the  population  nnder  fifteen  years 
of  age  and  that  above  sikty  has  increased ;  that  of  adtllts  hits  dihlin- 
isbed. 

Tbe  nnmber  of  maniages  among  the  Genevese  dimicidhes,  that  of 
marriages  between  strangers  and  Genevese  remains  the  same,  and  tbat 
of  marriages  between  strangers  Increaees.  There  are  fewer  births 
among  tbe  Genevese  thaQ  among  tbe  Swiss  of  other  cantons  acd  among 
the  foreigners.  Dlegitimate  births  ore  more  frequent  in  the  foreign  pop- 
ulation and  the  Swiss  of  other  cantons  than  in  the  Genevese  popula- 
tion. The  mortality  is  studied  with  care  iu  this  great  and  cdncientloas 
-work.    (See  Journal  de  Statistique  Suisse,  1876,  !Nos.  II  and  HI.) 

The  society  has  listened  to  numerous  reports  upon  works  pnbllsh^  in 
ToriouB  countries,  and  in  regard  to  which  the  members  of  the  Society, 
after  discnssion,  passed  judgment  more  or  less  prouonneed.  These 
dlacuBsions  animated  the  sessions,  and  drew  the  atte&tion  of  the  mem- 
bers to  labors  outside  of  tbeir  especial  studies. 

Tbe  following  is  a  list  of  these  communications :  Professor  Oautier, 
observations  made  in  vairioas  observatories,  of  the  velocity  of  the  btars, 
the  zodiacal  light,  a  new  Star  in  the  constellation  of  the  Swan,  tbe 
double  star  of  the  Cetttanr,  tbe  climate  of  Berne,  inundations  In  Switzer- 
land In  Jane,  1876,  &c.;  Colonel  Gautier,  solar  protuberances;  Pro- 
fessor Soret,  pfaotoifrttpba  of  the  m6oa,  defects  of  the  retina,  and  the 
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telephone;  Dr.  Forel,  the  frost  o(  the  I2th  of  Kovember,  ISTOj  Pro- 
fessor Wartmann,  apparatns  for  aBcertaining  the  impalsion  that  a  spark 
of  indactioQ  passiDgth  rough  a  rarefied  gas  is  capable  of  producing  in  a 
longitudinal  direction  ;  M.  A.  Achard,  the  form  and  properties  of  the 
articalated  losange  of  Peoncellier ;  composition  of  certain  waters,  accord- 
ing to  Girardin ;  M.  E.  Saroein,  a  writing-machine ;  M.  B.  Pictet,  a 
work  of  M.  Dufoar,  of  Lausanne,  upon  the  care  of  a  person  blind  from 
birth,  and  upon  the  theory  of  vision  (Archivea,  1877,  t.  68) ;  Professor 
Scbiff,  varioQS  experimentB  upon  tlie  hereditary  transmissiou  of  certain 
artificial  lesions  ;  M.  Fol,  memoirs  npon  the  heteropodes,  upon  pulmo- 
nated  terrestrial  moUnsks,  and  upon  a  microtome  which  allowed  the 
making  of  fifteen  or  sixteen  cuts  of  an  embryo  of  one-fifth  of  a  milli- 
meter in  ttLickness ;  M.  Fatio,  azolotls,  the  preparation  of  delicate  skel- 
etons cleaned  by  the  tadpoles  of  ftoga ;  Professor  De  CaudoUe,  the  law 
of  botanical  nomencliitnre ;  Professor  Muller,  lichens ;  M.  M.  Micbeli,  in- 
fioenceofteannre  npon  the  composition  of  grains. 

With  this  list,  gentlemen,  I  close  the  report  I  bare  the  honor  to  pre- 
sent to  you.  We  have  cause  for  satisfaction  that  the  increase  in  ihe 
number  of  members,  of  the  meracrfrs  presented,  and  of  our  publications, 
manifests  a  growth  of  «49tiTity  in  oai  society. 
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By  Geosge  L.  Cannon,  0/  Idaho  SpHtigi,  Calo. 

During  the  last  tbree  years  I  have  ezamiaed  a  large  nnmber  of  abo- 
riginal structarea  in  the  coantieB  of  Jeffereoa  aod  Olear  Creek,  and  as 
the  prehistoric  remains  of  Clear  Greek  Cbanty  are  of  small  extent,  I  shall 
devote  the  greater  part  of  my  commniiication  to  a  deacriptioa  of  those 
in  Jefferson  County.  A  good  idea  of  the  topographical  features  of  the 
district  in  which  these  remains  are  eituated  maybe  obtained  by  con- 
sulting Chittenden's  map  of  the  eastern  base  of  the  Bocky  Monntains, 
published  in  Hayden's  Survey  of  Colorado  for  1874.  It  consists  for  the 
most  part  of  elevated  plains,  interspersed  with  prairie  bluffs  and  sand- 
stone "  hogbacks."  Most  of  the  remains  apparently  belong  to  qnite  a 
modern  period,  that  is  to  say,  within  the  space  of  twenty  or  thirty  years ; 
still,  in  some  cases,  judging  by  the  depth  to  which  the  stones  composing 
them  have  sank  and  by  the  thicliness  of  the  superincumbent  soil,  we  may 
give  them  an  antiquity  of  a  centary  or  more.  The  greater  part  of  them 
are  situated  on  the  tops  of  hills,  commanding  a  view  of  the  adjaceat 
plaius,  but  occasionally  we  find  some  in  lowlands,  in  the  vicinity  of 
springs,  where  good  water  can  be  obtained.  The  first  to  be  described,nnd 
perhaps  the  most  numerons  class  of  jelics,  are  the  so-called  "  fire-places." 
They  consist  of  several  flat,  irregular  stones,  discolored  by  fire,  arranged 
so  as  to  form  a  hearth,  and  are  identicsl  with  the  fireplaces  which  the 
modern  Indians  have  in  the  center  of  their  wigwams.  They  are  scat- 
tered promiscuously  over  the  plains,  without  much  reference  to  location, 
save  such  as  a  party  of  campers  would  choose. 

yext  iu  importance  to  the  fire-places  are  what  are  locally  denominated 
"  Indian  circles."  They  are  osnally  constructed  of  bowlders  arranged 
in  the  form  of  a  rude  circle,  about  a  yard  in  diameter,  with  a  cavity  a 
foot  or  two  in  depth,  hollowed  ont  in  the  center.  The  most  common 
opinion  is  that  they  were  used  by  the  Indians  as  fire-places.  The  modem 
Indians  are  said  to  encamp  on  sites  similar  to  those  iu  which  these  circles 
are  found,  and  in  some  cases  surronnd  their  fires  with  a  wall  of  stones, 
to  prevent  them  from  being  extinguished  by  the  wind.  Some  have  sup- 
posed that  they  were  occupied  by  signal-fires,  and  this  may  have  been 
the  case,  as  most  of  them  are  in  situations  that  would  be  suitable  for  the 
purpose.  Again,  it  has  been  thought  that  they  mark  the  graves  of  some 
prominent  Indian  warrior  or  chief,  although  it  was  not  the  usual  cnstom 
of  the  Indiana  to  bury  their  dead,  but  rather  to  place  the  corpse  on  an 
elevated  platform. 
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One  of  tbese  circles,  on  Xorth  Table  MoantaiD,  appeared  bo  mach  like 
a  grave,  tbat  a  party  of  excarBionists  made  an  ioeffeetaal  attempt  to  opeo 
it,  fa  hope  of  findiog  something  to  reward  tlieir  pains,  as  Indians  he- 
quently  bacy  utensils  and  weapons  with  the  dead.  The  wall  surround- 
ing the  supposed  grave  differs  from  that  of  other  circles  in  being  con- 
structed of  flat  slabs  of  basalt,  instead  of  bowlders  of  qaartzose  rock,  and 
ou  the  southern  side  of  the  iuclosure  stood  a  slab  of  trachyte,  which  had 
probably  been  brought  from  the  crater  of  an  extinct  volcano  a  mile  or 
more  distant,  and  had  the  appearance  of  a  tombstone.  The  ground  for 
some '  distance  around  gives  forth  a  hollow  sound,  as  if  there  were  a 
cavity  beneath,  and  on  a  hill  near  by  is  a  moand  apparently  intended 
as  a  mark  to  guide  iu  finding  the  grave.  In  connection  with  the  circles 
we  sometimes  Qad  heaps  of  stones  rudely  piled  together,  whose  use  has 
not  as  yet  been  conjectured.  In  many  places  are  to  be  seen  spots  where 
the  Indians  appear  to  have  been  encamping  and  making  their  arrow- 
heads- and  toois.  In  most  cases  only  a  few  scattered  chippiags  of  flint 
and  qnartzite  occnr,  as  if  they  had  encamped  for  the  night  and  chipped 
out  a  few  arrow-heads  for  the  morroyr's  chase,  while  other  places  appear 
to  have  been  occupied  for  quite  a  length  of  time,  and  the  ground  in  their 
neighborhood  is  thickly  scattered  with  fragments  and  flakes  of  the 
various  stones  used  by  the  Indians  in  making  their  implements,  accom- 
panied occasionally  by  chipping-axes,  hammers,  skin-scrapers,  mortars, 
and  pestles.  These  camps  are  usually  situated  in  fields,  in  the  vicinity 
of  running  wat«r,  and  also  in  the  neighborhood  of  a  hill  or  steep  bluff, 
to  which  they  could  retreat  in  case  of  attack.  In  a  small  grove  of  Cot- 
tonwood trees  near  Apex,  Colorado,  the  Indians  appear  to  have  made, 
in  former  times,  great  quantities  of  tools  and  arrow -heads,  for  the  ground 
alt  around  is  thickly  strewn  with  tools,  chippings,  and  arrow-heads,  some 
of  the  lattei*  made  of  beautifbl  stones  and  of  the  most  exquisite  work- 
manship. Within  the  space  of  an  acre  or  two  we  have  found  about  a 
hundred  arrow-heads  and  ten  axes  and  hammers.  The  Indians  seem 
to  have  carried  on  quite  a  trade  among  themselves,  in  order  to  procure 
the  materials  for  arrow-head  making,  as  some  of  the  chippings  found 
in  their  encampments  are  from  stones  which  cannot  be  found  withiu 
several  miles  of  this  place,  and  some,  I  think,  have  been  brought  from 
distant  localities.  Although  the  Indians  used  several  kinds  of  stone  in 
the  manufacture  of  arrow-beads,  yet  they  seem  to  have  had  a  preference 
for  qnartzite,  chalcedony,  and  jasperized  wood,  probably  on  account 
of  tiieir  superior  hardness,  and  may  have  made  others  from  handsomer 
but  less  durable  stones  only  for  purposes  of  barter,  as  the  Indians  of 
California  exchanged  arrow-heads  made  of  bottle-glass. 

The  following  minerals  were  employed  in  the  manufacture  of  tools : 
moss-agate,  chalcedony,  carnelian,  wood-opal,  sapphiriue,  petrified  wood, 
flint,  red  jasper,  brown  qnartzite,  agatizod  wood,  obsidian,  yellow  quartz- 
ite,  purple  and  yellow  jaspers,  smoky  quartz,  chert,  jasperized  wood, 
red  qnartzite,  besides  several  undetermined  silicates.    While  speaking 
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of  the  encampmenta,  it  will  be  veil  to  deeotibe  some  of  tbe  most  promi- 
nent Indian  implements  fonnd  in  this  neighborhood,  because  we  may 
safely  say  (if  we  except  a  few  scattered  tools  and  an  ocoasiooal  airow- 
head  lost  ia  hanting)  that  they  ue  all  to  be  foand  ia  these  places.  The 
most  abandant  implements  are  ohippiog'axes,  hammers,  Bkin-scrapers, 
mortars,  and  pestles,  bat  others  occar  to  which  we  are  anable  to  apply 
names,  owing  to  onr  ignoraaoe  of  their  former  uses.  The  chipptng-axes 
are  asaally  made  &om  pieces  of  qnartzite,  worn  or  chipped  down  to  an 
edge,  and  were  most  probably  employed  in  chipping  oat  flint-flakes  to 
be  naed  afterward  in  tJie  manofactore  of  weapoD-poiots.  Tbe  hammers 
ore  simply  oval  stones,  sometimes  grooved  on  one  or  more  sides,  for  the 
parpose  of  attaching  them  to  handles.  The  skin-scrapera  fonnd  in  this 
vicinity  do  not  differ  mnch,  if  »t  all,  from  those  procored  in  other  local- 
ities. The  so-called  "  com-mills"  consist  of  a  flat  slab  of  rock  contuuing 
on  its  npper  surface  an  oval  depression,  and  a  roundish  stono  supposed 
to  be  a  pestle.  These  mills  were  probably  used  in  pulverizing  roots,  and 
perhaps  corn,  although  I  hardly  think  tbe  Indians  of  this  section  cniti- 
vated  corn,  or  any  other  sort  of  grain.  Sometimes  small  pieces  of  flne- 
grained  quartzose  rock  are  fonnd,  which  appear  to  have  been  nsed  in 
polishing  or  sharpening  weapons.  AfVieadof  mine  stat«s  that  he  found 
near  Idaho  Springs  an  eartbem  jar,  a  foot  below  the  sorface,  containing 
a  Quantity  of  reddish  paint,  and  I  have  fonnd  at  the  encampment  at 
Apex  small  pieces  of  a  reddish  colored  sandstone,  which,  on  being  wet 
and  rubbed  on  the  flesh,  leaves  a  slight  red  stain.  I  have  been  informed 
that  the  Indians  naed  it  for  paint,  but  I  hardly  think  this  can  be  the 
case,  as  tbe  sandstone  is  quite  gritty  and  would  scratch  the  flesh  consid- 
erably. The  IndtaDB  probably  bad  many  other  tools  besides  those  which 
I  have  mentioned,  but  being  composed  of  wood,  or  of  some  other  perish- 
able material,  they  have  decayed.  There  are  said  to  exist  in  some 
localities  large  ciroalar  depressions  in  the  ground,  where,  according  to 
old  settlers,  the  Indians  were  in  the  habit  of  holding  war-dances.  Ou 
the  top  of  a  steep  blnff  near  South  Table  Mountain  is  a  semicircular 
wall  of  basaltic  bowlders  about  20  feet  in  length  and  a  foot  or  two  in 
height,  and  as  the  bloff  on  which  this  wall  is  situated  is  in  tbe  center 
of  a  large  prehistoric  encampment,  it  may  have  been  used  as  a  breast- 
work for  tbe  parpose  of  defense.  On  the  side  of  a  steep  hill,  near  Green 
Mountain  is  what  appears  to  have  been  an  Indian  road ;  a  path  about  a 
yard  in  width  has  been  made  by  clearing  away  the  stones  &om  the  side 
of  the  hill  and  placing  them  as  a  border  on  either  side.  For  the  greater 
part  of  its  course  the  path  goes  straight  op  and  down  the  hill,  but  near 
the  bottom  of  the  hill  it  takes  an  abrapt  turn,  making  nearly  a  right 
angle  with  its  former  coarse. 
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ANIIQUITIKS  IN  WI8CWSUI. 

By  Mosbs  Strono,  ^  Mineral  Point,  Wis. 

Traces  of  the  monad-builders  are  foand  extending  northward  in 
Dqdd,  Barron,  Folic,  Baroett,  and  Douglas  Couutios.  The  localities, 
bowevet,  are  not  nameroos,  and  the  moands  are  uanally  circnlar. 

Gommeacing  iu  the  territory  south  of  that  above  indicated,  the  mound 
sbowa  iu  Fig.  1  was  observed  a  short  distance  west  of  the  village  of 
Orion,  in  Bichland  County.  It  is  situated  on  the  soatheast  quarter  of 
section  35,  township  9,  range  1  west,  on  a  low,  sandy  ridge,  which  sep- 
arates the  Wisconsin  and  Sagle  Bivers;  and  about  a  qnartei  of  a  mile 
northwest  of  it  is  the  mound  shown  in  Fig.  2. 

It  is,  perhaps,  an  open  question  whether  these  mounds  are  effigies  of 
men  or  birds,  bat  after  a  careful  examination  of  them  and  of  many  others, 
I  incline  to  think  they  are  representations  of  the  haman  form. 

So  much,  and  so  much  only,  of  the  article  of  Mr.  Strong,  on  the  pre< 
historic  mounds  of  the  western  part  of  Wisconsin,  bad  been  written  by 
him  before  the  1st  of  August,  1877.  On  the  ISth  of  that  month,  while 
engaged  iu  the  prosecution  of  his  geological  researches,  he  was  drowned 
in  the  Flambeau,  a  branch  of  the  Chippewa  Biver,  leaving  unfinished 
the  article  of  which  he  had  commenced  the  preparation.  The  fleld-book 
left  by  him  contains,  however,  the  notes  of  his  examinations  of  several 
moands,  with  rough  pencil  sketches  of  their  forms  and  dimensions.  These 
uotes  and  sketches  being  in  my  possession  as  his  father  and  administia- 
tor,  I  have  had  drawings  prepared  representiog  the  moands,  which,  with 
copies  of  the  original  field-notes  explanatory  of  them,  are  herewith  sub- 
mitted. 

Fig.  3  is  a  sketch  representing  moands  near  Wanzeka,  in  Crawford 
County,  which  are  referred  to  in  the  field  notes,  as  follows;  "The  fol- 
lowing shows  a  number  of  monnds  near  Wanzeka.  There  is  only  one 
which  is  at  all  remarkable  in  appearance;  the  rest  are  the  usual  round 
and  straight  mounds.  The  large  one  has  been  excavated  in  three  places 
and  scraped  away  on  its  western  end.  It  seems  to  consist  principally  of 
sand.    Examined  May  31, 1875." 

The  accompanying  pencil-Bketch  (Fig.  4)  was  made  by  Mr.  Strong,  on 
ascaleof  120  feet  to  the  inch,  from  his  notes,  and  is  giveu  as  he  prepared 
it,  instead  of  attempting  to  make  another  draught. 

All  that  is  contained  in  the  field-notes  concerning  this  group  is  written 
upon  the  margin  of  a  sketch,  and  is  in  these  words :  "  Map  of  mounds 
at  Hazen's  Comers,  on  the  Black  Biver  road,  made  June  5, 1875,  in  N.  E. 
^  sec.  35,  T.  8,  B.  6  W.  The  mounds  lie  in  the  brush  and  woods,  on  the 
crest  of  the  ridge." 

The  sketch  of  Fig.  5  was  also  made  by  Mr.  Strong,  in  pencil,  and  is 
given  as  he  prepared  it,  together  with  the  following  in  relation  to  it, 
which  is  all  the  field-notes  contain  :  "  N.  E.  i  of  sec.  21,  T.  8,  B.  6  W. ; 
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lies  OD  creet  of  ridge  alone.    Saw  Beveral  loog,  straight  moands  od  crest 
of  ridge  in  N.  W.  J  of  sec.  21." 


Tlie  accompanyiug  drawing  (Fig.  6)  was  taken  by  tracing  fiom  the 
sketch  made  in  the  field,  and  the  proportions  are  probabl;  not  exact, 
but  can  be  corrected  by  the  dimensions  marlied  npon  it. 
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Tbe  field-notes  accompanyiDg  this  drawiug  are  ns  fol- 
lows :  "  Man-shaped  mound  Id  K.  W.  i  of  sec.  21,  T.  8,  U.  0 
W. — very  short  legs,  thick  body,  and  long  arms.  There  are 
three  more  exactly  similar  to  this,  a  little  farther  west  in  a 
plongbed  field."  Then  follow  in  the  field-notes  rnde 
Bketches  of  Iho  three,  withoat  dimensioDS,  of  which  trac- 
ings are  given  (Figs.  7,  8,  and  9),  and  the  only  notes  are 
as  follows  :  "l^hree  efQgies  tn  a  plonghed  field." 

The  next  two  drawings  (Fig.  10  and  II)  are  pencil- 
sketches  of  hird-mounds  made  by  Mr.  Strong,  on  a  scale 
(No.  10,  of  GO  feet  to  an  inch,  and  No.  11  of  60  feet  to  an 
inch).  Tbe  following  remarbs  in  relation  to  these  mounds 
is  all  the  information  that  the  field-notes  supply: 

"  Bird-mound  in  8.  E.  J  of  sec.  19,  T.  8,  K.  0  W.    No.  10.» 

*'  So.  10  lies  about  50  feet  N.  E.  of  No.  11,  and  is  50  feet 
from  tip  to  tip  of  the  wings." 

"  No.  11  is  a  biid.  Lies  on  crest  of  ridge  on  end  of  it, 
toward  the  Miss.  Biver,  where  tbe  ridge  splits  up." 

The  field-notes  contain  the  following  in  this  connection  : 
"  The  creek  which  rnns  through  sees.  27, 28,  20,  30,  T.  8, 
B.  6  W.  forms  a  little  table  about  a  mile  above  its  mouth, 
which  is  covered  with  mounds,  but  so  overgrown  witb  brush 
that  it  is  hard  to  make  them  out  The  valley  is  narrow 
and  walled  iu  with  clifis  of  lower  magnesian  limestone  200 
feet  thick.  Potsdam  sandstone  does  not  appear.  Timber 
in  this  part  of  tbe  country  is  scattering  white-oak." 

Tbe  next  drawing  (Fig.  12}  is  made  from  a  sketch  in  the 
field-notes. 

In  reference  to  this  drawing  (Fig.  12)  the  field-notes  con- 
tain the  following:  "Mouday,  Jane  7. — Monnds  on  the 
Black  Biver  road  on  S.  E.  i  sec.  21,  T.  8,  B.  6  W.  Monnds 
B,  are  covered  witb  growth  of  small  black  oak.  Two  hundred 
feet  east  of  No.  12i8aBtraightmouDd250feetlong — course 
N.E." 

The  accompanying  drawing  (Fig.  13)  Is  taken  from  a 
fleld-sketcb,  made  by  Mr.  Strong  in  his  field-notes,  and  the 
other  (Fig.  14)  Is  intended  to  be  like  it.   The  fleld-notea  cod- 
taiD  the  following:  "Fifteen  feet  N.  E.  of  No.  13  is  another 
exactly  like  it,  situated  in  the  same  way.    They  lie  25  feet 
I  I  g  I     8.  B.  of  Black  Kiver  road." 
/    .  ~}-E^        From  the  field-notes  it  is  evident  that  these  two  monnds 
^JlZJXI  (Figs.  13  and  14)  are  in  the  east  half  of  section  24,  township 
8,  range  6  west. 
The  next  drawing  (Fig,  15)  is  made  from  a  field-sketch,  which  is 
accompanied  by  the  following :  "  8.  W.  i  sec  19,  T.  8,  K.  6  W.   No.  15 
lies  aboat  one  mile  beyond  No.  13,  on  the  north  side  of  the  road." 
16  s  , 
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The  field-notes  contain  the  following :  "  Thursday, 
Jane  10.— The  ridge  in  sec.  26,  T.  9,  E.  6  W.,  is  very 
narrow  and  steep  on  each  side.  Bidge  is  not  over 
thirty  yards  wide,  and  the  crest  has  nameroas  long, 
Btrai^^ht  monnds  on  it  conforming  to  it.  The  view 
£rom  here  is  very  fine.  The  mound-builders  chose  the 
ends  of  the  ridges  overlooking  the  Miss.  Eiver  for  iheir 
monnds.  Saw  a  man-shaped  mound  near  ^  post  be- 
tween sees.  36  &  33,  T.  9,  E.  6  W." 

Fig.  16  is  a  pencil-slietch  drawn  by  Mr.  Strong  from 
the  sketch  contained  in  his  field-notes: 

The  fleld-notes  contain  the  following  in  relation  to 
the  drawing  (Fig.  16) : 

"  On  the  man-efflgies  tbe  body  and  breast  balge  np 

nmach  higher  than  the  rest.    They  look  like  a  man 

A  lying  on  his  back,    Monnds  all  about  three  feet  high. 

-'  Arms  and  legs  on  these  mounds  abont  ten  feet  wide. 

Mounds  in  S.W.  J  sec  26,  T.  9,  E.  6  W.,  on  crest  of 

ridge." 

«  Saturday,  June  12 Went  with  Dr.  Wigbt  (Dr. 

O.  W.  Wight,  then  chief  geologist)  and  father  and 
George  (Geo.  Haven,  assistant),  and  dag  up  mound 
(B,  Fig.  16).  The  monnd  was  made  of  clay,  and  easy 
digging.  Fonnd  in  bottom  a  thin  stratum  of  hard 
clay,  with  a  whitish  substance  which  may  have  been 
decayed  bones." 

Tbe  accompanying  drawing  (Fig.  17)  is  made  from 
a  sketch  fonnd  in  the  field-notes. 

The  field-notes  contain  tbe  following  in  relation  to 
this  mound  (Fig.  17): 

"Man-monod  on  west  fork  of  the  Kickapoo  Biver, 
in  N.  W.  J  sec.  27,  T.  12,  E.  3  W." 


THE   HOUNDS  AND  OSTEOIOei  OF  TBE  HOVND-BDItDEBS  OF  WISCONSIN. 

Bt  J.  N.  DbHabt,  M.  D.,  0/  Mendola,  WU. 

Along  the  northern  and  eastern  shores  of  Lake  Mendota,  or  Lake  of 
the  Great  Spirit,  as  it  was  called  by  tbe  aborigines,  many  monnds  are 
foond,  whose  outlines  are  quite  distinct,  and  represent  the  bear,  deer, 
Bqnirrel,  and  other  animals,  while  a  few  of  them  imitate  birds  of  various 
kinds.  Some  of  the  latter  resemble  the  eagle,  and  are  of  very  large 
dimensions.  There  are  three  monnds  of  this  character  in  close  prox- 
imity to  each  other ;  the  body  of  the  largest  bird  measnres  100  feet  iu 
length,  and  30  feet  in  width  at  tbe  junction  of  its  wings;  while  its  tail 
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expands  to  the  TFidth  of  40  feet,  and  the  vings  are  each  300  feet  long. 
The  head  ia  perfectly  formed,  so  that  the  beak  is  qaite  distinct,  and 
measares  15  feet  iu  length.  The  other  two  eagles  are  somewhat  smaller 
in  all  of  their  dimensions.  Xear  the  left  wings  of  two  of  these  hirds, 
the  form  of  a  deer,  3  feet  in  height,  is  easily  recognized.  The  body  of . 
the  deer  is  65  feet  long,  and  the  legs  measure  14  feet  in  length ;  the  I 
head  measares  12  feet  from  the  tip  of  the  nose  to  the  origin  of  the 
antlers.  Tbese  latter  are  each  10  feet  long,  with  branches  extending  at 
nearly  right  angles  from  their  center.  H^ear  the  right  wing  of  the  third 
bird  is  the  form  of  a  bear. 

Ia  Sank  County,  one  monnd  is  made  in  the  form  of  an  animal,  which 
also  resembles  a  squirrel,  whose  body  is  160  feet  long,  with  a  remark- 
ably long  tail,  measuring  320  feet. 

Dr.  Lapbam,  in  his  "Autiqnities  of  Wisconsin,"  describes  a  mound 
which  represents  a  turtle  measuring  6  feet  in  height,  56  feet  in  length, 
with  a  candal  appendage  250  feet  long.  Another  ancient  mound  is  in 
the  form  of  a  night-hawk,  whose  expanded  wings  measure  240  feet  in 
length. 

While  many  of  the  ancient  mounds  represent  different  kinds  of  ani- 
mals and  birds,  others  are  circular  in  form,  and  a  few  are  oblong. 

There  are  several  ancient  moands  located  upon  the  northeastern 
shore  of  Lake  Meudota  and  on  the  lawn  of  the  former  residence  of 
Ex-Goveraor  Farwell. 

The  largest  of  these  mounds  is  circular  in  form,  and  measares  188  feet 
in  ciFoamference  and  35  feet  &om  the  base  to  its  summit.  It  is  elevated 
96  feet  above  the  lake,  and  was  the  first  explored.  It  is  the  highest  of 
all  the  mounds  in  this  group,  and  located  in  a  central  position.  Fronir 
its  elevated  site  it  could  have  been  used  for  observation  and  as  a  means 
of  commanioation  by  signal  with  other  mounds  in  the  adjacent  country. 
The  view  from  Its  sammit  extends  from  8  to  10  miles  in  all  directions. 

Id  commencing  the  explorations,  it  was  decided  to  sink  a  pcrpendicn- 
lar  shaft,  about  6  feet  square,  through  the  center  of  the  mound  from  the 
apex  to  the  bottom.  After  removing  the  surface,  a  rich  black  earth, 
similar  to  what  is  found  alougtheshoreof  the  lake  where  muck  accumu- 
lates or  on  the  prairie  bottom,  was  encountered  to  the  depth  of  5  feet^ 
At  this  depth  and  on  the  western  side  of  the  shaft  stones,  composed 
of  magnesian  lime  and  yellow  and  red  sandstone,  were  found,  Below 
this  layer  of  earth  there  was  a  bed  of  yellow  clay  4  feet  in  depth,  through 
which  a  course  of  similar  stones  was  fonnd,  arranged  in  a  circular  man- 
ner, and  passing  off  toward  the  opposite  side  of  the  shaft.  Some  of 
these  stones  were  quite  large,  aud  presented  a  flat  surface,  while  a  few 
of  them  bore  indications  of  having  been  broken  from  the  stratum  of  lime- 
stone, which  is  found  just  below,  along  the  shore  of  the  lake.  These 
had  been  worn  quite  smooth  iu  places  by  the  continual  washing  of  the 
water.  Beneath  the  bed  of  yellow  clay  a  course  of  rich  earth,  similar 
to  the  first  layer,  was  found.    This  deposit  was  4|  feet  in  depth.    After 
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removing  two  feet  of  tbia  ooorse,  Bome  ashes  were  foDiid  lying  qnite 
near  the  layer  of  stones  previonsly  described.  Cbarcoal  and  decayed 
wood  in  small  qiiantitiea  were  unearthed  j  also  a  few  sheila  and  small 
pieces  of  flint.  The  earth  was  very  dry  and  underneath  ttie  stones  was 
very  bard,  and  had  the  appearance  of  having  been  baked.  Another 
foot  of  earth  was  removed,  when  the  skeleton  of  an  adalt  nioiiad-bnitder 
was  discovered  at  the  soatheastfirn  corner  of  the  shaft,  in  a  sitting 
iwature,  resting  upon  a  natnral  bed  of  yellow  clay.  Several  pieces  of 
the  cranium,  the  inferior  maxillary,  vertehne,  ribs,  and  bones  of  the  ex- 
tremities were  found,  bnt  none  of  them  where  wiiolly  perfect.  There 
was  a  mold  in  the  earth,  in  which  the  skull  had  lain,  bnt  only  porticms 
of  the  bones  were  found.  The  body  of  the  inferior  maxillary  was  very 
large.  The  vertebrae  were  larger  than  those  of  the  present  human  type, 
and  the  right  humerus  was  perforated  at  its  inferior  extremity.  The 
perforation  on  the  anterior  surface  of  tbe  bone  is  snrronnded  by  a  gradu- 
ally-receding border  or  margin.  This  bone  is  no  doubt  of  great  antiquity, 
and  is  very  much  decayed,  tbe  superior  extremity  having  disappeared. 
In  no  case  did  I  And  any  of  the  long  bones  wholly  perfect,  bnt  all  of 
them  were  broken  near  the  center  of  the  shaft,  the  other  extremity  not 
being  found.  It  is  hardly  probable  that  this  is  due  to  decay,  but  as 
-others  have  previonsly  stated,  may  point  to  some  superstitions  rite  or 
custom  connected  with  the  sepulture  of  tbe  dead.  This  was  the  only 
bumerus  found  with  either  extremity  in  a  nearly  perfect  condition. 
Two  small  sections  of  tbe  shaft  of  the  other  humems  were  removed 
I'rom  the  tumulus,  but  they  did  not  present  any  anomaly. 

Tbe  shafts  of  ten  tibiae  fonnd  in  this  mound  presented  a  remarkable 
flatness.  In  comparing  the  specimens  fonnd  near  Lake  Mendota,  in 
inonud  No.  1,  with  those  reported  by  Mr.  Gillman  (sea  Keport  1873), 
I  find  they  are  very  similar;  and  while  his  measure  yVa  of  an  inch  in 
•  comparing  their  antero-posterior  diameter  with  the  tnvnsverse  diameter, 
■my  specimens  measure  -^  of  au  inch  in  the  same  diameter. 

The  bones  of  the  cranium  crumbled  into  many  pieces  when  remoyed, 
nnd  could  not  be  put  together  so  as  to  give  a  proper  idea  of  its  conforma- 
tion and  structure. 

Underneath  the  remains  of  this  monnd-builder  were  a  few  inches  of 
black  earth,  tbe  removal  of  which  revealed  a  coarse  of  stones  similar  to 
those  found  elsewhere  in  the  mound.  These  stones  lay  apon  a  natoral 
bed  of  yellow  clay.  As  there  were  no  evidences  that  it  had  ever  been 
disturbed,  and  being  below  the  level  of  the  surrounding  ground,  it  was 
Dot  thought  best  to  continue  the  shaft  any  deeper. 

A  drift  was  then  made  into  the  side  of  the  mound,  about  3  feet  above 
the  level  of  the  surrounding  surface,  and  to  the  width  of  8  feet.  After 
removing  several  feet  of  black  earth,  a  similar  course  of  stones,  aa  pre- 
viously described,  were  found ;  charcoal,  ashes  and  decayed  wood  were 
discovered  near  them.  On  continuing  the  drift  toward  the  center  of  tbe 
tumnUis  and  near  the  shaft  previonsly  snnk,  the  remains  of  the  skeleton 
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of  a  young  moaod-builder  were  found,  probably  not  mo.re  than  six  years 
of  age,  and  in  a  sitting  postnre.  Only  a  few  piec^  of  the  cranium,  sev- 
eral vertebrae,  portions  of  tlje  long  boifes,of  the  extremities,  and  the  sa- 
perior  and  interior  maxillary  were  found-  Several  teeth  were  ntill  in  the 
alveolar  procew  of  the  soperior  maxillary.  Many  pieces  of  flint,  a  few 
shell  beads,  and  two  fossil  teeth  of  some  animal,  about  one  inch  and  a 
half  long,  were  taken  from  the  same  vicinity.  About  one  foot  from  these 
remains  three  pieces  of  ancient  pottery  Tvere  discovered.  The  largest 
piece  measured  4^  by  6^  inches,  and  bore  iodicatious  of  having  been 
part  of  the  bottom  of  an  earthen  bowl.  It  was  smooth  on  the  inner  sur- 
face, and  marked  externally  by  oblique  lines,  such  as  are  frequently 
tband  npon  the  ancient  pottery  of  the  mound-builders. 

The  drift  was  continued  toward  the  center  of  the  tumulus  as  far  as  the 
shaft  and  then  downward  to  the  natural  bed  of  yellow  clay.  Just  before 
reaching  the  shaft,  and  after  reniQving  a  course  of  magnesiau  limestone 
and  yellow  and  red  sandstone,  a  few  bones  of  the  crauium  and  portions 
of  the  long  bones  of  another  adult  monudbuilder  were  found.  These 
were  all  that  remained  of  this  skeleton. 

Many  flat  stones  were  found  below  the  skeleton,  upon  which  lay  char- 
coal, ashes,  and  decayed  wood.  Large  pieces  of  flint  were  quite  numer- 
ous in  this  vicinity.  Some  of  the  stones  bad  been  exposed  to  such 
intense  heat,  that  they  crumbled  to  pieces  on  handling  them.  At  the 
juuetiou  of  the  drift  and  the  perpendicular  shaft  a  pillar  of  earth  was 
encountered.  On  removing  this,  a  few  bones  of  the  foot  of  the  flrst  skele- 
ton were  found,  together  with  large  quantities  of  ashes,  charcoal,  decayed 
wood,  and  flints.  A  flat  disk  of  stone,  one-fourth  of  an  inch  iu  thickness 
and  4  inches  in  diameter,  was  removed  from  the  earth  forming  the  pillar. 
Similar  stone  disks  have  been  met  with  in  other  ancient  mounds,  and 
are  supposed  to  have  been  used  by  them  in  playing  games. 

Mound  No.  2,  circular  in  form,  and  located  a  few  yards  from  mound 
No.  1,  was  then  explored.  It  was  about  5  feet  high  and  130  feet  in 
circumference. 

A  drift  6  feet  wide  was  made  in  the  aide  of  it,  on  a  level  with  the  sur- 
roandiug  ground.  After  removing  the  surface,  a  layer  of  gravel  aud 
pebbles  to  the  depth  of  1  foot  was  encountered,  and  at  the  summit  there 
■was  a  course  of  8!»nd,  dipping  downward  ;  this  was  followed  by  a  course 
of  black  earth  about  3  feet  deep.  Below  this  there  was  a  third  stratum 
of  gravel  and  sand ;  then  a  course  of  earth  to  the  depth  of  1  foot.  A 
thin  stratum  of  sand  was  then  removed,  which  revealed  ashes,  charcoal, 
and  pieces  of  flint  lying  npon  an  altar  of  stone  resting  ufion  a  bed  of 
yellow  clay.  This  altar  was  about  IJ  feet  below  the  natural  surface. 
The  excavation  was  continued  1^  feet  deeper,  but  nothing  was  found. 

A  few  feet  from  the  summit  of  this  monnd  there  was  a  tree,  measur- 
ing 5}  feet  in  circnmfereuoe.  Iu  the  side  of  this  tree,  and  fastened  in 
the  bark,  was  a  stone  pestle.  This  had  evidently  been  carried  upward 
though  the  monnd  by  the  growth  of  the  tree.    The  bark  of  the  tree  was 
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broken  and  the  pestle  removed.    It  was  formed  of  a  very  hard,  gray, 
graoite,  and  nieasared  6  inches  by  S  ischea 

Owing  to  the  rapid  approach  of  cold  weather,  uo  farther  ezaminatioa 
of  these  mounds  was  made.  S'ezt  spring  it  is  my  intention  to  cootione 
the  esploraCions,  and  I  hope  to  find  more  evidences  of  the  existence  of 
this  ancient  race. 


FITO  AT  EHBiBBiSS,  VISCOXSLY. 

By  E.  E.  Breed,  qf  Embarrais,  Wit. 

There  is  a  series  of  pits  on  the  northwest  of  the  northwest  section  10 
and  northeast  of  the  northwest  section  10,  township  25,  range  15  east 
(town  of  Matteson).  They  are  in  an  irregnlar  line ;  general  direction, 
from  northwest  to  southeast ;  from  4  to  6  rods  apart.  Qnite  a  number 
are  in  pairs.  The  depth,  as  found  by  excavating  the  earth  that  bad 
caved  in,  was  originally  frocn  1  to  5  feet;  diameter,  3  feet.  In  almost 
every  instance  the  earth  was  thrown  out  on  the  southwest  side;  soil 
sandy.  A  few  years  ago  the  land  was  covered  by  a  heavy  growth  of 
timber,  principally  hemlock.  Trees  over  two  hundred  years  old  grew 
on  the  earth  that  had  been  thrown  out.  The  chain  is  broken  by  a  small 
pond,  perhaps  10  rods  across,  but  follows  a  sandy  ridge  most  of  the 
way. 


HOITXDS  IX  DELAWARE  COU!!TT,  IOWA 

Br  M.  W.  MouLTOK,  o/  Montioello,  Iowa. 

So  (ax  as  now  femjwn,  the  credit  of  discovering  these  mounds  belongs 
to  Mr.  Bynerson,  of  Hopkioton,  and  the  following  brief  description  will 
convey  some  idea  of  their  size  and  relative  position:  Assnming  a  start- 
ing point  which  I  shall  call  A,  as  the  most  important  mound  of  the 
system,  from  A  in  nearly  a  westerly  course  is  a  row  of  mounds  ten  in 
number,  exclusive  of  A.  This  row  curves  a  little  for  the  purpose  of 
following  the  highest  land,  the  surface  descending  both  north  and  south. 
Starting  again  at  A,  and  following  a  course  west  of  south  about  20 
degrees,  for  36  yards,  we  come  to  an  earth-work  of  continaous  eleva- 
tion and  40  yards  in  length.  After  an  opening  of  10  yards,  this  ele- 
vation continues  50  yards  farther,  making  a  work  100  yards  in  length, 
including  the  opening.  Leaving  the  sonth  end  of  the  long  earth-work, 
and  stepping  18  yards  due  west,  then  following  a  line  parallel  with  the 
long  eartli-work  54  yards,  we  come  to  the  first  of  another  set  of  mounds 
six  in  number.  These  are  in  an  exact  line.  From  the  most  sonthern  of 
these,  and  extending  nearly  in  a  western  conrae,  is  still  another  set  of 
six.  These  are  also  in  a  straight  line.  The  north  and  south  rows  are 
parallel  to  each  other.    It  will  be  observed  that  these  three  sets  form 
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□earl;  a  hollow  square,  with  the  opeoing  to  tbe  west.  Tbe  area  inclosetl 
is  about  ten  acres.  EetarQing  again  to  our  startiug  point  at  A,  aud  pnr- 
saing  ;'■  northeasterly  course,  we  flod  the  moat  remarkable  set  of  tbe 
systera,  eleven  in  number,  extending  from  A  in  nearly  a  straight  line. 
This  set,  with  the  exception  of  three,  is  almost  perfectly  preserved,  ris- 
ing abruptly  from  a  comparatively  level  surface  to  a  height  of  about  four 
feet,  ronud  and  symmetrical,  and  with  a  base  diameter  of  about  30  feet. 
The  system,  as  a  whole,  is  well  x)reserved. 


EARTH-WORKS  OX   THE  ARSiXSAS  RITER,  8IITEBX  UILES  BELOW  LITTLE 
ROCK. 

By  Mbb.  Qilbeet  IDJiPP,  ofLUtle  Bock,  Art. 

When  we  came  into  possession  of  this  plantation  thirty  years  ago,  it 
was  an  unbroken  wilderness.  We  were  attracted  to  the  place  by  the 
immease  artificial  mounds  and  a  wall  similar  to  our  levees,  from  6  to 
10  feet  high,  inclosing  ninety  acres,  and  forming  a  half  circle  on  the 
lake  bank,  which  might  have  been,  at  one  time,  the  Arkansas  Biver. 
In  tbe  wall  are  two  openings,  both  deep  pools  of  water. 

Within  the  area,  between  the  lake  (which  is  three  miles  long)  and  the 
wall,  are  numerous  mounds,  but  only  two  of  great  size ;  the  heights  are 
variously  estimated ;  one,  which  was  called  100  feet  high,  we  have  cul- 
tivated for  twenty  years.  It  prodnces  more  than  a  bale  of  cotton,  so 
you  may  imagine  the  size.  As  tbe  years  go  by,  it  washes  away,  and 
mde  relics  are  picked  np.  It  was  certainly  a  place  of  sepultnre,  for 
human  bones  are  found  tier  upon  tier,  mingled  with  those  of  deer  and 
other  animals.  They  are  of  great  age,  and  crumble  on  being  exposed 
to  tbe  air. 

One  of  the  elevated  mounds,  still  covered  with  trees,  sometimes  gives 
forth  a  ringing  sound  as  if  it  wore  hollow,  when  wagons  are  driven  round 
it.  These  two  larger  mounds  are  situated  sixteen  miles  southeast  of 
Little  Bock,  in  the  alluvial  valley  of  the  Arkansas,  where  the  black 
deposit  is  10  feet  deep,  and  no  stones  or  pebbles  exist  naturally;  but 
tbe  bygone  race  who  made  it  their  home,  brought  crystals,  flints,  Jasper, 
granite,  and  sandstone  firom  Hot  Springs. 


AITTIQUITIES  OF  KANSAS  CUT,  MISSOURI 

By  W.  H.  R.  Lykos,  of  KaniM  CUg,  Mo. 

We  have  lately  made  a  discovery  here  of  a  number  of  Indian  mounds 
which  are  evidently  of  great  antiquity.  Tbey  are  situated  on  tbe  north 
side  of  the  Missouri  Biver,  in  the  angle  of  the  Great  Bend,  npon  the 
high  binfl's  commanding  a  view  of  tbe  country  about  the  mouth  of  tbe 
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everywhere,  on  all  its  most  beaatiful  spots.  Stone  implements,  copper 
weapons  and  oruaments,  and  the  remains  of  their  plastic  art  are  also 
frequently  fonod. 

The  antiquities  of  that  portion  of  Bock  Biver  Sowing  through  the 
State  of  WiscoDsin  and  of  the  Wisconsin  coaoties  lying  immediately 
north  of  this  part  of  the  State  of  Illinois  have  been  fully  described  by 
Mr,  Lapham,  in  Vol.  YII  of  the  Smitlisooian  Gontribntions  to  Knowl- 
edge. Bat  the  antiquities  of  the  Southern  Bock  Biver  Valley  and  of 
Korthwestern  Illinois  yet  remain  comparatively  unknown. 

It  is  the  design  of  the  writer  to  indicate  briefly  the  character  and  ex- 
tent of  tlie  works  of  the  mound-builders  in  this  region  of  Illinois. 

The  first  thing  to  be  noticed  is  the  contrast  between  the  character 
of  the  remains  found  here  and  those  of  Wisconsin  and  the  Ohio  Valley. 
The  animal  figures  and  efSgies  of  the  former  State  are  almost  wanting 
here.  With  the  exception  of  a  large  turtle  mound  within  the  limits  of 
the  city  of  Bockford,  and  a  few  rude  serpent-shaped  structures  in  an- 
other part  of  the  district  examined,  the  mounds  are  round  or  oblong  in 
form.  Toothing  like  the  great  fleld-works,  fortifications,  and  sacred  iu- 
closures  of  Ohio,  or  such  as  are  found  at  Aztalan,  in  Wisconsin,  exist, 
so  far  as  known,  on  or  near  the  shores  of  Sontbem  Bock  Biver.  But 
the  obloDg  and  common  round  mounds,  some  of  them  of  large  size,  may 
be  counted  by  thousands.  The  valleys  of  the  Fox  and  Wisconsin  Bivers, 
not  a  great  distance  from  us,  are  very  similar  to  this  section  of  country 
in  their  physical  geography.  The  upper  valley  of  Bock  Biver  very  much 
resembles  the  lower;  the  mound-builders  swarmed  over  them  all;  yet  the 
efflgy  mounds  are  peculiar  to  a  portion  of  Wisconsin,  and  are  bounded 
by  geographical  limits,  outside  of  which  they  are  seldom  found. 

Oommencinif  with  Winnebago  Oounty,  the  most  interesting  remain 
is  the  Turtle  Mound,  within  the  city  limits  of  Bockford,  already  re> 
ferred  to.  It  is  noteworthy  on  account  of  its  great  size  and  fine  pro- 
portions, bnb  more  so  because  it  is  the  only  one  of  the  kind  on  Lower 
Bock  Biver,  It  is  generally  known  as  the  "  Turtle  Monnd,"  bat  the 
resemblance  to  a  headless  alligator  is  more  striking.  The  following  are 
its  dimensions:  Length,  150  feet;  width,  opposite  fore  legs,  50  feet; 
width,  opposite  hind  legs,  39  feet;  length  of  tail,  102  feet.  The  figure 
lies  up  and  down  the  river,  on  a  line  almost  north  and  south,  the  tail 
exteuding  northward.  The  body  rises  into  a  monnd  as  high  as  a  stand- 
ing man.  The  feet  and  tail  gradually  extend  into  the  greensward. 
The  measurements  across  the  body  at  the  legs  include  those  appendages, 
which  are  only  a  few  feet  long.  The  efflgy,  whether  of  alligator,  lizard, 
or  turtle,  seems  to  be  headless,  and  no  depression  in  the  surronnding 
soil  wonid  indicate  that  the  materials  of  which  it  is  constructed  were 
obtained  in  its  immediate  vicinity.  Near  by  this  is  an  oblong-shaped 
mound,  and  several  round  mounds.  The  oblong  mound  is  rather  re- 
markable, 130  feet  long,  about  12  feet  wide  at  the  t>ase,  and  i  feet 
high. 
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About  oae  and  a  hair  miles  west  of  Moaat  Carroll,  la  a  valley  made 
by  Carroll  Greek,  and  walled  in  by  high  rocks,  is  a  spot  of  ground  filled 
with  fragmentary  relics.  The  waters  of  the  creek  caused  a  part  of  the 
bank  to  cave  in,  and  thas  the  deposit  was  first  brought  to  light.  By 
excavating  back  from  tbe  edge  of  the  fallen  mass,  at  the  depth  of  from 
one  to  two  feet,  pieces  of  pottery  quite  artistic  in  design,  arrow-heads 
of  a  light-colored  chert  and  hard  enough  to  cut  letters  on  glass,  prongs 
of  deer's  antlers  evidently  nsed  as  some  sort  of  implements,  bones  of 
anituals  in  a  fair  state  of  preservation,  abuudant  flint  chips,  and  char- 
coal and  burnt  stones  in  great  quantities,  were  found  inclosed  in  a  black 
alluvial  deposit.  This  was  evidently  a  favorite  camping  ground,  and 
the  refuse  of  the  kitcben  lies  buried  over  a  large  spa<:e  of  groand. 

In  tbe  numerous  mounds  that  might  be  referred  to  but  one  more  group 
will  be  noticed.  These  are  called  "The  Mounds"  pre-eminently.  There 
are  six  or  seven  of  them,  looking  like  large  blunt-topped  hay-stacks  in 
tbe  distance.  They  are  located  in  tbe  western  verge  of  a  high  saud 
prairie,  about  two  miles  northwest  of  the  village  of  Thomson,  and  can 
be  seen  for  miles  from  the  north,  east,  or  south.  On  tbe  west  the  allu- 
vial fiood  plain  of  the  ftlisaissippi  Eiver  is  about  a  mile  and  a  half  wide, 
and  is  covered  by  a  dense  growth  of  heavy  timber.  A  running  slough, 
a  part  of  the  river,  washes  this  steep  sand  ridge  on  tbe  west,  and  passes 
close  to  the  base  of  these  mounds.  Being  situated  midway  between  Sa- 
vanna and  Fulton,  they  are  striking  objects  in  the  landscape,  A  rude 
stone  altar  was  found  in  one  of  tbem  a  few  years  ago,  but  nothing  satis- 
factory can  be  learned  about  the  relics  said  to  have  been  inclosed  iij  it. 

A  pipe,  shaped  like  an  eagle — one  of  the  real  mound-builders'  bird- 
shaped  pipes — was  takeu  from  tbe  stone  inclosnre  at  the  time  the  exca- 
vation was  made.  Its  workmanship  was  perfect,  and  its  shape  artistic 
iu  a  high  degree. 

On  section  7,  in  the  town  of  York,  just  north  of  the  residence  of  Mr. 
John  Oole,  is  a  most  remarkable  deposit  of  fliut  chippings.  They  were 
found  on  tbe  top  of  a  high  sand  ridge.  A  broad  expanse  of  swamp  land, 
formerly  covered  with  water,  and  an  old  bed  of  the  Mississippi  River, 
runs  up  to  the  base  of  this  sand  ridge  on  the  east.  On  the  west  the 
sandy  plain  recedes  and  becomes  lower.  In  the  first  settlement  of  the 
country  this  sand  plain  and  ridge  were  covered  with  a  sward,  which 
beld  tbe  sand  permanently.  Fow  tbe  pasturage  of  cattle  and  cultiva- 
tion have  destroyed  this,  and  many  acres  are  now  a  naked  yellow  sand, 
resting  on  a  harder,  sandy  subsoil.  The  winds  keep  wearing  and  dig- 
ging off  this  saud,  and  piling  it  about  in  other  places — sometimes  cover- 
ing neighljoring  fences;  sometimes  digging  the  very  posts  out  of  the 
ground. 

All  over  this  sand  ridge,  for  a  space  a  mile  long  and  half  a  mile  wide, 
'flint  chippings  are  being  exposed. ,  In  som^  places  they  occur  in  masses 
of  a  peck  or  half  a  bushel ;  in  other  places  they  whiten  the  ground  for 
yards  iu  extent.     Tbo  material  is  a  cream-colored  chert,  breaking  with 
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a  smooth,  conchoidal  fractnre.  It  wa8  all  brought  there,  as  no  stone 
is  fonnd  in  situ  in  the  whole  ridge. 

Here  was  a  great  inanafactory  of  arrow-heads,  aad  other  flint  itnple- 
meots.  Pieces  of  arrow-heads,  and  fragments  of  the  flint  in  all  stages 
of  manafactare,  strew  the  ground.  Perfect  arrow-heads  are  sometimes 
foand  in  clasters.  Twenty-six  were  recently  picked  up  in  one  nest, 
rough,  but  well-cigb  finished.  Two  copper  implements,  and  one  of  sand- 
stone, evidently  used  for  polishing  stone  axes,  were  also  picked  np. 

In  'Whiteside  (Jonnty,  jnst  above  the  city  of  Sterling,  on  a  high  table- 
land overlooking  Bock  Biver,  and  on  the  north  bank  of  the  same,  is  a 
large  gronp  of  these  mounds.  They  now  form  a  part  of  the  &ne  ceme- 
tery grounds  of  that  city.  Along  the  south  banks  of  the  river  below  Ster- 
ling are  a  number  of  quite  large  moands,  at  considerable  distances 
apart.  Most  of  these  Sterling  mounds  are  the  common  round  ones. 
Some  of  the  largest  are  oblong  in  form.  Many  have  been  partially  ex- 
cavated, and  some  trinkets  and  charcoal  and  ashes  observed  in  them. 

At  Portland  and  about  Frophetstown  similar  mounds  also  exist.  On 
Elkhoru  Creek,  on  the  farms  of  Dr.  Pennington  and  Mr.  Uinsmore, 
some  small  round  ones  were  notice<.1. 

At  Cordova  and  New  Albany,  near  the  banks  of  the  Mississippi  Kiver, 
some  large  mounds  may  be  seen.  At  the  latter  place,  Mr.  Tyler 
McWhorter,  in  the  summer  of  1873,  bad  a  tunnel  carried  through  one 
of  them.  This  one  was  60  feet  in  diameter  at  the  base  and  about  12 
feet  high.  In  it  was  found  a  rnde  stone  inclosure,  Portions  of  skele- 
tons had  been  placed  here,  seemingly  in  detached  parts.  The  structure 
seemed  to  belong  to  the  more  recent  works  of  the  mound- builders. 

But  it  is  useless  to  enumerate  further  the  localities  where  these  mounds 
maybe  seen.  In  almost  every  picturesque  spot  they  were  hnilt ;  and 
doubtless  they  exist  in  hundreds  in  this  county,  as  they  do  in  those 
surrounding  it.  A  village  of  monnds  also  exists  below  Sterling  on  the 
north  side  of  Bock  River,  of  large  size- 
Mercer  Oouuty  contains  probably  something  over  one  thousand 
mounds,  mostly  located  over  the  western  third  of  thecounty.  Tbeeastem 
part  of  the  county  has  a  few  scattered  ones  of  the  same  general  character. 
Most  of  these  mounds  seem  to  be  of  very  ancient  date — they  are  much 
flattened  hy  the  wear  of  time,  only  rising  a  few  feet  above  the  general 
level.  But  there  are  a  few  mounds  on  the  bottom-lands  under  the  blnffe 
of  more  recent  date.  They  have  steep  declivities,  and  rise  8  or  10  feet 
in  height.  These  have  yielded  well-preserved  skeletons;  but  the  more 
ancient  have  disclosed  to  the  spade  of  the  excavator  no  well-preserved 
bones  or  implements — only  beds  of  ashes  with  some  charcoal  and  stones, 
and,  in  some  of  the  older,  human  remains  in  a  state  of  decay. 

In  Iowa,  opposite  to  the  county  of  Mercer,  and  near  the  Mississippi 

Kiver,  is  a  high  bluff  range,  on  the  top  of  which,  facing  the  town  of 

New  Boston,  is  the  old  half-forsaken  village  of  Black  Hawk.    Here  are 

seven  or  eight  mounds,  on  the  brow  of  the  hill,  which  are  the  largest 
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foaad  ia  this  part  of  the  West.  They  rise  twelve  or  fiTteen  feet  above 
the  general  level,  aod  are  four  or  live  rods  across  the  Itase.  One  ot 
them,  on  being  opened,  yielded  numerons  bones  in  partial  decay ;  also, 
pottery,  fliot  imptementB,  and  fliat  chippinga. 

On  the  high  level  plain  immediately  hack  of  the  mounds  was  formerly 
an  old  line  of  embankmeut,  that  contained  five  or  sis  acres.  Tbe  ground 
has  been  under  the  plow  for  many  years,  and  the  embankment  is  now 
almost  gone.  Bnt  pieces  of  pottery,  fitnt  implements,  and  uamerons 
chips  are  yet  picked  up,  and  at  one  time  the  mann^cture  of  these  was 
evidently  carried  on  here  extensively.  The  pottery  seems  to  have  been 
made  of  a  mixture  of  river-mud  and  decayed  clam-shells.  Iq  short,  it 
was  made  of  lime  mortar,  and  is  different  fh)m  that  fonnd  in  other  lo- 
calities in  this  part  of  the  country.  Pieces  of  clay  pottery  are  also  found 
about  the  Black  Hawk  mounds. 

What  are  called  tbe  New  Boston  shell-heaps  are  found  In  this  connty. 
They  are  on  a  high,  sandy  river- bank,  one-half  mile  below  the  town  of 
that  name.  They  are  constantly  exposed  by  the  sliding  down  of  tbe 
bank,  and  will  in  tine  disappear.  Each  one  seen}s  to  have  contained 
many  tons  of  shells,  mostly  in  a  state  of  decay.  Enough  can  be  seen  to 
determine  that  they  are  of  the  same  species  as  those  now  existing  in  the 
river.  The  following  species  are  supposed  to  have  been  identified :  Unio 
tuberculatum,  U.  metaneveTf  U,  pUcatua,  U.  a^eramu8,  TJ.  aaadontoii&i. 
These  heaps  were  formerly  some  rods  from  the  river.  In  psoximity  to 
them  were  formerly  fonnd  old  Qre-beds  of  btirnt  stone,  with  broken  pot- 
tery, mostly  of  burned  or  baked  clay,  hut  occasionally  of  the  pounded- 
shell  mixtnre,  some  flint  implements,  numerous  fiint  chips,  &c.  These 
heaps  seem  to  be  tbe  kitchen  refuse  of  bbe  mound-builders. 

I  have  referred  to  this  section  somewhat  in  detail,  because  it  ia  tbe 
southwest  coraer  of  the  tract  of  country  mentioned  in  this  article,  and 
because  it  illustrates  very  well  tbe  character  of  tbe  works  and  remains 
in  the  counties  lying  north  of  it,  contiguous  to  the  Mississippi  Xiiver. 

It  would  be  useless  to  occupy  farther  space  with  an  enumeration  of 
the  mounds  of  this  section.  In  the  counties  adjoining  those  named, 
tbey  exist  almost  as  tbiekly  as  in  tbe  latter;  bat  none  of  them  possess, 
BO  tar  as  now  known,  any  special  or  peculiar  Interest. 

WEAPOHS  AHD  IMPLEMENTS. 

Coppef  relics. — ^Tbis  region  abounds  in  interesting  relics  of  tbe  true 
mound-builders.  Drift  copper  is  fonnd  often.  The  writer  has  a  bowl- 
der weighing  Id  pounds,  picked  up  in  a  ravine  among  some  small  bowl- 
ders near  Mt.  Carroll.  Implements  of  copper  are  rather  scarce,  two  hav- 
ing come  under  the  immediate  observation  of  the  writer.  Tbe-flrstwas 
tbe  Sterling  copper  knife,  figured  in  Foster's  Prehistoric  Races,  and  also 
in  tbe  Transactions  of  the  Chicago  Academy  of  Natural  Sciences.  The 
cut  in  the  former  has  no  resemblance  whatever  to  the  original ;  while 
that  in  tbe  latter  is  too  long  for  the  width.    At  the  time  the  knife  was 
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foQiid,  I  was  disposed  to  associate  it  with  the  bone  of  a  tnastoiloa  foand 
in  a  similar  positioa  higher  np  the  river;  but  I  am  dow  satisfied  it  is  a 
relic  from  the  mounds  which  abooad  in  its  neighborhood.  It  was  fonod 
some  six  feet  below  the  snrface  of  the  soil,  in  the  cnt  made  by  a  little 
ravine  in  the  bank  of  Bock  Eiver.  It  stnck  out  of  the  bank  when  first 
seen,  aad  wasimbeddediaa'materialcomposedof  black  diluvial  or  river- 
drift,  filled  with  pieces  of  chert  and  river  gravel.  The  knife  is  of  pure 
copper,  made,  I  think,  by  hammering,  and  resembles  in  form  one  of  oar 
\ongy  heavy  koives.  The  broad  end  has  a  hole  for  a  rivet,  and  has  the 
edges  turned  over  for  about  two  inches,  mnking  a  socket  for  the  handle. 
The  blade  is  exactly  10^  inches  long,  an  inch  and  a  half  wide  at  the  wid- 
est part;  tapers  gradually  od  botb  sides — a  little  more  ou  the  cutting 
edge — to  a  bluut  point.  The  shape  is  modern  ;  but  the  attachment  of 
the  handle  is  of  the  age  of  the  Lake  Superior  copper-mining,  and  the 
veined  ap  pearance  denotes  an  age  equal  to  the  older  relics  of  the  mound- 
builders. 

The  next  relic  is  an  ax  or  hatobet,  found  balf-way  between  DixoD 
and  Sterling,  on  the  north  bank  of  Bock  Biver,  on  the  farm  of  a  Mr. 
Lawrence.  The  locality  is  one  of  the  most  charming,  and  abounds  in 
relics,  such  as  arrow-points  and  stone  axes.  This  relic  is  also  of  cop- 
per, evidently  hammered  into  its  present  graceful  shape.  Several  sur- 
face cracks  made  by  the  folding  of  the  metal  are  to  be  seen.  It  is  6J 
inches  long,  3^  inches  wide  at  the  cutting  edge,  1|  inches  wide  at  the 
hammer  end,  and  abont  one-fonrth  of  an  inch  thick.-  There  are  slight 
traces  of  wear  on  one  side,  as  if  made  by  the  friction  of  a  handle.  The 
hatcbet  resembles  a  tomahawk,  and  is  a  fine  specimen  of  the  copper 
relics  of  this  region.  It  is  in  the  possession  of  the  writer,  but  belongs  to 
the  collection  of  Dr.  Oliver  Everett,  of  Dixon,  lielics  of  stone  pipes  arc 
not  very  abundant.    Occasionally  one  is  fonnd  made  of  clay  or  stone. 

In  a  collection  of  two  hundred  arrow-points  belonging  to  the  writer, 
can  be  selected  all  the  typical  shapes  given  by  Sir  William  Wilde;  with 
all  the  modifications  figured  by  Foster,  including  those  supposed  to  be 
reamers  or  borers  by  some  of  the  collectors.  A  group  of  arrow-poiut 
figa res,  taken  from  Lubbock's  Prehistoric  Times;  l!]vans' Ancient  Im- 
plements, &c,  of  Great  Britain ;  or  Squier  &  Davis's  Ancient  Mono- 
meats,  &c,  will  greatly  resemble  the  originals  in  almost  any  cabinet  in 
the  Northwest.  The  same  is  true  of  spear-heads,  and  fiiut-chippiogs. 
Flame-colored  chert,  dark  bornstone,  and  a  whitish  chert  or  flint,  were 
tbe  materials  commonly  used  in  their  manufacture.  The  writer  has 
picked  up  very  perfectly  shaped  flint  implements,  which  must  have  been 
used  for  knives  and  scrapers. 

Stone,  hatchets,  axes,  and  Bkiuning-stones  are  quite  plentiful.  The 
finest  in  the  writer's  collection  was  plowed  up  among  the  Kishwaukee 
mounds.  It  is  of  spotted  polished  granite.  Areryperfect  and  artistic 
tomahawk  of  stone,  of  small  size,  is  in  the  collection  of  Dr.  Everett,  at 
Dixon.    The  Hanovor  monads  have  furnished  a  teo-ponnd  ax  of  very  per- 
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feet  shape;  buttbo  largest  odo  Id  tbis  eectioD  in  in  Dr.  Everett's  collection. 
It  weighs  oae  ounce  over  15  pounds;  is  of  dark  color;  the  shape  is  art  i»- 
ticj  the  external  boundary  Hues  are  all  graceful  curves.  Only  a  giant 
could  have  wielded  it. 

Among  these  relics  of  stone  the  writer  has  one  of  uausual  sbapo  and 
appearance ;  it  is  somewhat  like  the  section  of  a  circle ;  thick  along  the 
straight  edge;  and  tapering  from  the  top  to  the  circular  edge.  It  was 
found  in  a  mound,  near  the  north  line  of  the  State. 

Gorgets,  or  parallelogram -shaped  stones,  with  two  holes  drilled  through 
tbem,  are  often  picked  up.  The  finest  one  in  the  writer's  collection  is 
of  the  red -pipe-stone  material.  A  small  one  in  Dr.  Everett's  collection 
has  bat  one  bole  through  the  end. 

Weapons  of  the  size  and  shape  of  a  goose-egg,  with  narrow  creases 
round  the  middle,  clubs  and  hammers  undoubtedly,  are  not  rare.  lu 
Dr.  Everett's  collection  is  a  large  plummet-shaped  implement,  with  a 
sort  of  neck  on  the  smaller  end.  As  a  sluug-shot  it  would  have  proved 
a  formidable  weapon. 

A  very  perfect- shaped  plummet,  made  from  what  seems  to  be  hema- 
tite iron  ore  is  in  the  writer's  cabinet.  It  lacks  the  usual  crease  around 
the  small  end.  One  discoidal  stone,  of  spotted  greenstone,  was  picked 
up  in  this  region,  the  only  one  found,  so  far  as  I  know. 

A  flint  hoe  and  flint  chisel  or  gouge,  from  the  collection  of  Dr.  J.  S.  Lowe, 
in  Hanover,  are  objects  of  great  interest. 

Pottery. — Some  very  perfect  specimens  of  pottery  have  been  found  and 
preserved.  The  writer  has  throe  difl'ereut  styles  in  his  cabinet.  Some 
of  the  fragments  are  large  enough  to  show  the  graceful  curves  of  the 
vessels  before  they  were  broken.  The  specimens  taken  from  the  moands 
are  of  more  graceful  shape,  better  and  smoother  material,  and  superior 
hardness,  to  the  later  and  ruder  work  of  the  Indians. 

Beads. — Several  strings  of  beads  have  been  taken  from  the  Hanover 
mounds.  These  are  circular  and  flat,  with  a  hole  in  the  center ;  and 
some  of  them  are  artistic  in  shape.  Hanover  is  the  only  place  where 
they  have  been  found  in  this  locality,  so  far  as  the  writer  knows. 


ANTIQUITIES  OF  MA80S  COUSTT.  ILLINOIS. 
By  J.  COCBRAKE,  itf  Macana,  III. 

There  are  five  interesting  mounds  in  this  vicinity,  varying  in  height 
from  20  to  40  feet.  The  two  highest  are  built  adjoining  each  other  on 
the  bank  of  the  Illinois  Elver,  two  others  are  three  miles  below  them, 
also  on  the  east  bdnk  of  the  Illinois  Bivcr,  and  about  ten  rods  apart ; 
the  fifth  one  is  on  the  bluffs  of  Illinois  River  bottoms,  west  side,  and 
about  six  miles  distant,  but  in  full  view  of  the  former  ones. 

One  is  of  gravelly  soil  (none  of  which  exists  in  proximity  to  it)  and 
Che  others  of  loam.    No  excavations  are  perceptible  in  the  vicinity 
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from  which  the  loam  conld  liave  teen  talien  in  such  quantity,  Many 
smalt  mounds  are  situated  near  by.  No  excavations  or  investigations 
have  ever  been  made. 
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By  GEonoB  W.  Hill,  M.  D.,  of  Jshland,  Ohio. 

Evidence  of  the  existence  of  a  race  somewhat  advanced  in  the  arts 
of  military  defense,  anterior  to  the  appearance  of  the  Caucasian,  is 
found  in  almost  every  part  of  this  county.  Mounds  and  iDtrenebmcnts 
ID  all  the  great  valleys  and  commanding  points  are  very  numerous. 
The  principal  streams  along  which  the  earthworlis  are  found  are  the 
Muddy,  the  Jerome,  the  Black  and  Clear  Forks  of  the  Mohican. 

Ti/ler's  Fort— On  section  24,  now  in  Wayne  County,  a  short  distance 
below  the  junction,  upon  the  heights  northeast  of  Tylertown,  and  east  of 
the  stream,  is  an  ancient  intrenchment.  It  overlooks  the  valley,  which 
here  is  about  one  and  a  half  miles  wide,  and  affords  an  extended  view 
up  and  down  the  Mohican.  The  work  is  situated  on  an  elevated  spur  of 
the  ridge,  on  the  lands  of  Benjamin  Tyler;  is  circular  in  form,  and  con- 
tains about  three  acres.  When  Mr.  Tyler  took  possession  in  1814,  be 
found  the  work  destitute  of  grown  timber.  Tho  ridge,  in  and  about  the 
iutrenchmeut,  had  the  appearance  of  having  been  often  burned  over.  He 
found  the  embankment  about  4  feet  high  and  about  10  feet  in  diameter 
at  the  base,  and  completely  covered  with  hazel-bosh,  about  as  high  as 
his  head.  He  states  that  be  stood  in  the  center  of  the  work,  and  could 
overlook  the  Mohican  Valley  for  many  miles.  Tho  work  is  low  covered 
by  a  growth  of  thrifty  young  white-oak,  ranging  from  50  to  70  feet  in 
height,  and  10  to  15  inches  in  diameter.  Contrary  to  the  general  rule, 
there  was  no  spring  in  the  immediate  vicinity  of  this  earthwork, 

Ramseifs  Fort. — Ascending  the  Muddy  Fork,  about  15  miles,  we  find 
another  intrenchment  upon  the  lands  of  John  Earasey,  on  the  southwest 
quarter  of  section  23,  in  Jackson  Township.  The  valley  of  the  stream 
the  entire  distance  is  very  fertile,  and  was  once  a  favorite  resort  of  the 
Delawares.  This  work  is  situated  on  the  western  side  of  an  elevated 
ridge,  overlooking  the  valley.  The  eastern  line  of  the  intrenchment 
reaches  the  summit  facing  the  valley.  Tlie  work  is  quadrangular,  and 
estimated  to  contain  a  fraction  over  two  acres.  When  first  discovered 
the  embankment  was  about  .'5  feet  in  height,  and  from  8  to  10  in  diameter 
at  the  base.  The  timber  within  the  fort  was  equal  in  size  to  that  of  the 
forest  around  it,  and  was  of  the  same  character.  The  area  of  the  fort  baa 
been  cultivated  about  twenty-five  years,  and  the  embankment  is  nearly 
obliterated  by  the  plow.  While  plowing  within  the  fort,  a  highly-pol- 
ished stone  hammer  was  found,  five  inches  long,  two  inches  at  the  base, 
and  one  and  one-half  inches  at  the  point,  encircled  in  the  middle  by  a 
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groove.  The  ravines  in  the  vicinity  contained  water  sufficient  to  snpply 
the  wanta  of  the  fort  if  beleaguered  by  an  enemy. 

Two  monnda  were  found  in  the  north  part  of  Perry  Township,  about 
one  mile  from  the  fort.  They  were  about  30  feet  apart,  and  occupied 
level  ground  near  a  brook.  The  larger  one  was  about  5  feet  high  and 
25  feet  in  diameter  at  the  base.  The  smaller  one  waa  probably  12  feet 
in  diameter  at  the  base  and  3J  feet  high.  William  Hamilton  destroyed 
the  larger  one  in  digging  a  cellar ;  and  about  4  feet  below  the  natural 
surface  found  a  triangular  wooden  post  and  three  human  slceletous,  one 
of  unusual  size,  imbedded  iu  sand.  On  exposure  the  smaller  ones  dis- 
solved. 

Metcalfa  Fort. — By  returning  to  the  Jerome  Fork,  and  ascending  that 
stream  about  one  and  a  half  miles,  we  approach  a  fort  on  the  lands  of 
the  late  William  Metcalf,  south  of  the  stream,  ou  an  elevated  plateau, 
facing  the  valley  on  section  21.  It  waa  circular  iu  form,  and  eoutained 
about  three  acres.  It  was  near  a  spring.  When  first  discovered  in  the 
forest,  iu  1S12,  the  embankments  were  about  4  feet  iu  height,  and  the 
base  about  10  feet  in  diameter.  Large  trees  grew  in  and  upon  the  work. 
It  commanded  an  extensive  vlevr.  The  fort  at  Tyler's,  some  four  miles 
down  the  stream,  could  be  easily  seen  by  the  naked  eye.  By  the  means 
of  assault,  probably  used  by  the  race  that  theu  inhabited  these  valleys, 
it  would  have  been  difficult  to  capture  it. 

WinMgler^a  Fort. — On  an  elevated  iioint,  two  and  a  half  miles  north, 
and  across  the  Jerome  Fork,  was  another  fort,  on  the  lands  of  Henry 
Wiubigler,  on  the  northeast  quarter  of  section  9,  It  contained  about 
four  acres  of  land,  was  circular  in  form,  and  was  much  more  easily 
defended  than  Metcalf'a,  because  the  ground  around  it  was  steep  and 
more  difficult  of  ascent.  The  embankments  were  also  somewhat  higher 
than  the  former  work,  and  10  feet  thick  at  the  base.  When  first  dis- 
covered it  was  covered  with  large  timber — a  sort  of  ridge-oak  of  slow 
growth,  and  must  have  been  abandoned  for  a  long  series  of  years.  It 
bad  a  gate-way  looking  to  the  north  and  one  to  the  south,  and  was 
near  an  excellent  spring.  From  this  fort  a  good  view  of  MetcalPs  was 
had.  By  the  use  of  torches  or  other  signals,  the  Tyler  Fort  could  have 
been  alarmed  at  the  same  time.  Searly  due  west  of  this  furt,  ou  section 
13  iu  Yermilliou  Township,  is  a  large  mound  which  was  used  ns  a  burial 
site  by  the  Mohegans  and  Delawares,  but  was  doubtless  erected  as  a 
signal  point  by  the  same  race  that  coustructed  the  forts.  West  of  it 
about  four  miles,  on  section  11,  and  near  the  town  of  Hayesville,  is 
another  large  mound  at  the  head  of  a  valley  reaching  the  Mohican.  It 
was  also  most  likely  used  as  a  signal  point. 

Gamhlc'a  Fort. — Continuing  up  the  Jerome  Fork,  which  rises  in  the 
summit,  in  the  north  center  of  the  county,  is  found  a  beautifol  valley 
irum  three  to  six  miles  wide,  through  which  that  stream  meanders,  fed 
by  Dumerons  smaller  ones  on  either  side.  As  we  approach  Ashland,  an 
elevated  point  of  land  on  the  north  of  the  town,  ou  section  8,  southwest 
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qaaiter,  is  seen  overlooking  the  wbole  sarronnding  coantry  for  a  distance 
of  from  fonr  to  seren  miles.  This  worlc  is  abore  the  town,  and  there  is 
a  gradual  descent  from  it  in  all  directions.  It  is  a  strong  military  posi- 
tion. A  circnlar  embanbment,  2,145  feet  in  length,  containing  an  area 
of  84  acrea,  aurronnded  the  brow  of  the  hill.  When  the  late  Henry 
Gamble  entered  upon  his  land  in  1815,  the  fort  was  covered  by  large 
trees,  snch  as  were  found  in  the  forest  of  the  neighborhood.  The  em- 
bankments were  very  nearly  4  feet  high  in  the  center,  and  10  or  11  feet 
wide  at  the  base.  The  work  mnst  have  reqnired  a  considerable  body  of 
men  a  long  time  to  conatract  it.  It  had  a  gate-way  at  the  southwest 
side,  facing  a  deep  ravine;  and  near  the  gate  a  very  excellent  spring.  In 
taking  the  dimensions  of  the  fort,  I  was  assisted  by  Col.  George  W.  Urie 
andMaj.  Richard  P.  Falkerson,  who  examined  the  work  nearly  fifty  years 
ago,  when  mach  of  the  large  timber  waa  standing.  The  Atlantic  and 
Great  Western  Railway  passes  down  the  ravine  jnst  south  of  the  fort, 
and  the  spring  now  supplies  the  water-tank.  The  embankments  have 
been  plowed  over  for  nearly  Mty  years,  and  exhibit  but  slight  traces  of 
their  outlines. 

In  looking  down  the  valley  some  two  miles,  a  large  mound  can  be  seen, 
which  has  recently  been  opened  and  found  to  contain  human  bones, 
charcoal,  and  wood,  clearly  evincing  the  presence  of  fire.  The  mound  is 
situated  on  the  northeast  part  of  section  9,  and  is  composed  of  sand 
and  drift.  The  excavation  from  which  it  was  taken,  about  one  hundred 
yards  away,  can  be  plainly  seen.  On  section  3,  in  a  northeast  direc- 
tion from  the  above  mound,  aboat  a  quarter  of  a  mile  distant,  near  a  fine 
spring,  stood  another  small  moand,  which  contained  human  bones,  a  few 
arrow-heads,  and  one  or  two  stone  axes  and  fleshers.  These  were  turned 
np  by  the  plow.  The  site  of  the  mound  is  now  obliterated.  Other  small 
mounds  have  been  found  in  Montgomery  Township,  the  contents  being 
similar  to  the  ones  described.  Four  miles  northeast  of  the  Gamble  Fort, 
on  section  23,  in  Orange  Township,  is  fonnd  the  S'orris  Mound,  near  the 
village  of  Orange.  It  has  been  examined  and  found  to  contain  human 
bones,  large  quantities  of  red  and  yellow  ocher,  charcoal,  a  few  shells, 
and  a  pure  copper  needle  seven  inches  long,  with  a  well-tempered  point. 
If  the  forest  were  removed  this  mound  coald  be  plainly  seen  from  the 
fort.  It  was  evidently  a  burial  site.  The  presence  of  charcoal,  and  the 
oily  condition  of  the  hard-pan,  ocher,  and  sand,  would  suggest  that  vast 
(juantitiea  of  animal  oil  had  been  used  in  its  sacrificial  ceremonies.  It 
may  have  been  a  signal  point  also.  Large  trees  grew  around  and  upon 
this  mound,  its  height  being  about  5  feet,  and  diameter  30. 

About  thirty-five  years  since,  while  some  persons  were  engaged  in 
cutting  a  bluff  on  the  bank  of  the  creek  east  of  the  residence  of  the  late 
Patrick  Murray,  for  the  purpose  of  improving  the  railroad  alluded  to, 
a  number  of  human  skeletons  were  unearthed.  The  bones  were  in  a 
good  state  of  preservation. 
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Iq  tlio  year  18^,  in  digging  a  well,  Isaac  Stall,  near  his  residence, 
Lalf  a  mile  south  of  the  village  of  Orange,  about  5  feet  below  the 
snrface,  came  upon  an  earthern  vessel  that  would  bold,  perhaps,  about 
two  gallons.  Before  discovering  thia  relic  be  nofortunatcly  stepped 
upon  and  broke  it.  It  was  found  mouth  upward,  and  resembled  in 
many  respects  a  tvro-galloD  crock.  The  rim  around  the  top  was  artistic, 
and  intended  to  aid  in  lifting  the  vessel.  It  was  formed  of  a  bluish 
earth,  and  seemed  to  have  been  subjected  to  heat.  It  was  ornamented 
all  over  the  exterior  by  finely  pulverized  white  flint,  somewhat  resem- 
bling rice-grains,  which  adhered  firmly  to  it.  A  short  time  afterward, 
in  plowing  iu  a  field  northwest  of  his  lioase,  Mr.  Stall  turned  up  a  frag- 
ment of  the  same  kind  of  vessel,  as  large  as  bis  hand. 

In  the  fall  of  1872,  Harvey  Roberts,  residing  a  short  distance  west  of 
the  StuU  farm,  on  an  elevation  jaat  north  of  the  creek,  while  engaged 
in  excavating  for  the  foundation  of  a  building,  came  upon  two  human 
skeletons,  about  3  feet  beneath  the  surface,  in  a  sitting  postnre,  iu  a 
good  state  of  preservation.  These  remains  were  undoubtedly  those  of 
Wyandots  who  had  died  during  their  annual  residence  and  hunting  ex- 
cursions along  the  Mohican,  over  sixty  years  ago.  Another  old  Indian 
cemetery  was  found  on  the  premises  of  Jacob  Young,  aboat  half  a  mile 
southeast  of  Mr.  Roberts's,  and  many  of  the  graves  being  very  shallow, 
were  exposed  in  his  gardeu  and  on  the  bank  of  the  creek.  Most  of  the 
skeletons  on  the  lands  of  Mr.  Young,  we  believe,  were  buried  iu  a  hori- 
zontal position.  We  do  not  see  the  precise  reason  for  this  difference. 
It  may  be  that  the  parties  found  by  Mr,  Boberts  may  have  been  cbiefs 
or  members  of  another  tribe. 

SproWs  Hill. — On  the  northeast  quarter  of  section  35,  iu  Clear  Creek 
Township,  and  about  two  and  a  half  miles  northwest  of  Gamble's  Fort, 
is  Sprott's  Hill.  This  hill  is  about  90  feet  high,  and  contains,  at  its  base, 
an  area  of  about  five  acres.  It  is  composed  of  alluvium,  mixed  with 
gravel  and  rounded  bowlders.  The  top  is  about  CO  by  90  feet,  and 
nearly  flat.  Upon  this  two  mounds  were  erected,  each  about  25  feet  iu 
diameter  and  4  or  5  feet  high.  When  Thomas  Sprott  settled  there, 
some  fifty  years  since,  large  trees  grew  upon  and  about  these  moands. 
They  were  about  30  feet  apart.  From  them  a  view  of  the  Gamble  Port 
and  the  mound  at  Orange  can  be  bad. 

In  examining  the  south  mound  thirty  years  ago,  Tbotnas  Sprott  and 
his  brother  came  npon  a  sort  of  stone  coffin,  constructed  of  flat  stones 
set  on  the  edges,  which  contained  the  skeletons  of  six  or  eight  Indians, 
neatly  cleaned  and  packed,  in  a  good  state  of  preservation.  Ou  the  flat 
stones,  constituting  the  lid  of  the  cofBn,  more  than  a  peck  of  red  ver- 
milion was  found.    These  relics  were  replaced  by  Mr.  Sprott. 

About  one  and  a  half  miles  northwest  of  the  Sprott  Mound,  on  sectiou 
26,  is 

Brytc^s  Fori. — This  work  is  qundrnugular  in  shape.    Its  longest  sides 
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face  tbc  east  anil  west,  and  are  very  nearly  500  feet  each  in  length,  while 
the  north  nod  soath  ends  are  each  aboat  250  feet  long,  makJDg  the 
whole  length  of  the  embankment  abont  1,500  feet.  !Near  the  southwest 
comer  was  a  gate-way  leading  to  a  very  fine  spring,  font  or  five  rods  dis- 
tant. A  deep  ravine  encircles  the  west  side  and  south  end  of  the  work, 
while  there  is  a  gradnal  descent  from  the  north  cod  and  eastern  side, 
showing  that  it  was  erected  for  defensive  purposes.  The  view  from  the 
fort  in  all  directions  is  very  fine,  and  takes  in  an  area  of  four  or  five  miles. 
The  Orange  Moand  and  those  of  Sprott's  Hill  were  plainly  discernible. 
When  Mr.  John  Bryte  commenced  to  clear  his  farm,  fifty-four  years  ago, 
he  found  large  oak  trees  and  other  timber  growing  on  the  embankment, 
and  often  walked  npon  it  in  hunting  squirrels.  When  he  first  saw  it 
the  walls  were  between  3  aod  1  feet  high,  and  perhaps  10  or  11  wide  at 
the  base.  He  has  been  cultlTating  the  fort  for  nearly  fifty  years,  and 
the  embankment  is  nearly  obliterated.  For  defensive  purposes,  tbe  site 
was  a  good  one.  Tbe  water  of  tbe  adjoining  spring  would  supply  a 
large  army.  It  is  situated  on  tbe  summit  where  the  brooks  divide  to 
flow  north  to  Lake  Erie  and  south  to  the  White  Woman,  tbeMuskingnm, 
and  tbe  Ohio. 

Many  stone  axes,  iloahers,  arrow-Leads,  polished  and  perforated  stones, 
and  pipes  have  been  found  in  tbe  vicinity  of  tbe  foregoing  work. 

ShambaugWs  Fort. — Keturning  to  the  south  end  of  tbe  county,  wo 
ascend  tbe  Black  Fork  of  the  Mohican.  At  the  farm  of  Lewis  Oliver, 
and  one  or  two  points  below,  were  found  mounds  of  5  or  G  feet  in  height 
and  about  30  feet  in  diameter  at  tbe  base.  A  little  southwest  of  Perrys- 
ville,  on  tbe  road  leading  to  Newville,  on  the  summit  above  the  village, 
was  a  mound  overlooking  tbe  valley  the  size  of  the  ones  described. 

Passing  up  the  stream  to  near  the  old  Indian  village  of  Greentown, 
to  tSe  lands  of  Mr,  John  Shambaugh,  on  tbe  north  side  of  the  stream, 
on  section  18,  we  find  another  circular  fort,  containing  very  nearly  two 
acres,  with  a  gate-way  looking  to  the  west.  In  the  center  was  a  mound, 
about  4  feet  high,  which  had  probably  been  an  altar  or  lookout.  When 
first  discovered,  the  embankment  was  abont  Z^  feet  high  and  10  wide 
at  tbe  base.  It  is  difficult  to  conjecture  for  what  purpose  the  woik  was 
constructed,  as  it  was  situated  on  the  bottom,  fully  a  quarter  of  a  mile 
from  tbe  elevated  lands  on  either  side  of  the  stream.  A  small  brook 
flowed  by  it,  from  which,  no  doubt,  water  was  obtained.  Timber — such 
as  oak,  hickory,  aud  elm — grew  upon  and  within  tbe  work,  the  larger 
trees  being  over  3  feet  in  diameter.  Tbe  lands  along  the  streams  are 
very  fertile,  and  tbe  site  of  tbe  fortification  having  been  plowed  over 
for  half  a  century,  the  embankments  are  merely  traceable. 

The  Parr  Fort. — About  oue  mile  distant  from  the  work  allnded  to,  on 
section  19,  is  fonnd  what  is  known  as  the  Parr  Fort.  It  is  also  a  circular 
work,  the  embankment,  when  first  discovered  by  the  pioneers,  being 
about  7  feet  high,  aud  12  or  14  in  diameter  at  the  base.    It  inclosed  an 


2G6  AHCIENT  EAHTHWOHKS  IS  OHIO. 

area  of  abont  three  acres,  and  had  a  gate-way  at  the  west.  Very  near 
it,  OD  the  east  side,  stood  a  large  moand,  from  wbieh  copper  beads  and 
stone  implements  have  been  taken, 

I  am  ioformed  by  Dr,  J,  P.  Henderson,  of  iNewville,  that  this  monnd 
was  opened  abont  fifty  years  ago.  In  it  were  found  bnman  bones,  char- 
coal, decayed  wood,  a  stone  pipe,  the  stem  of  which  was  wrapped  with 
copper  wire,  and  a  copper  wedge.  The  mound  was  of  a  peculiar  strnc- 
tnre.  It  was  baitt  of  large  dat  stones  in  a  circniar  form,  like  a  shot- 
tower,  and  filled  ap  and  around  with  eartb,  and  was  a  cone  in  appear- 
ance. Many  stone  axes,  stone  flcshers,  and  polished  stone  plates  have 
been  fonnd  in  the  vicinily  of  these  works, 

Darling's  Fort. — About  two  and  a  half  miles  eonth  of  Parr's  fort,  near 
Saint  John's  church,  on  the  north  bank  of  the  Clear  Fork  of  the  Mohican, 
may  be  seen  another  defensive  work.  It  is  eircalar,  and  contains  an 
area  of  nearly  3  acres.  It  had  embankments  &om  the  gate  on  the  soatb 
side  (as  I  am  informed),  leading  down  to  the  bank  of  the  stream.  When 
drst  discovered  it  was  covered  with  large  timber,  and  the  embankment 
was  over  3  feet  high.  It  commands  a  full  view  of  the  valley  for  many 
miles,  and  was  donbtlcss  used  as  a  defensive  work.  Many  very  choice 
stone  relics  have  been  plowed  up  along  the  valley  by  farmers,  and  are 
now  in  the  cabinet  of  Dr.  James  P.  Henderson,  of  Newville. 

We  find  no  other  remains  until  wo  reach  the  village  of  MifQin.  On 
level  land  a  little  northwest  of  this  village  is  a  large  mound.  Tbe  top 
is  slightly  flattened,  and  was,  no  doubt,  used  as  a  burial  spot  by  tbe 
Delawares.  It  has  not  been  excavated  and  its  contents  are  only  amat- 
ter  of  conjecture.  Many  stone  axes,  some  beads,  flint  arrow-heads,  and 
pick-shaped  implements  of  stone,  highly  finished,  have  been  plowed  up 
by  the  farmers  all  along  the  valley  of  the  Black  Fork. 

There  are,  perhaps,  twenty  or  thirty  smaller  monnds  scattered  over 
the  country,  to  which  my  attention  baa  not  been  given.  The  monnds 
of  this  county  are  invariably  tinncated,  and  none  exceed  10  feet  in 
height.  I  am  inclined  to  the  opinion  that  many  of  the  smaller  ones 
were  the  center  of  an  encampment,  and  were  erected  for  sacrificial  pur- 
poses. Such  a  mound  existed  in  the  center  of  tbe  council-bouse  of 
Greentown.  The  venison  and  bear-meat  for  their  great  feasts  was 
boiled  in  large  copper  kettles  upon  the  mound.  This  may  account  for 
the  charcoal,  ashes,  and  charred  bones  so  frequently  foand  in  small  flat 
mounds.  I  have  reason  to  believe,  also,  the  tent  or  wigwam  of  the  rul- 
ing chief  was  sometimes  placed  on  a  central  mound  of  similar  strnctnre. 

Stone  unpfemcTifs.— Several  classes  of  implements  are  found  in  great 
numbers  within  this  county.  Tbey  seem  to  have  been  scattered  broad- 
cast over  the  hills  and  valleys.  One  class  consists  of  highly-polished 
stone  pestles,  stone  axes,  weighing  from  sis  or  eight  ounces  to  five  or  six 
jionuds,  stone  fieshers,  stone  implements,  pick-shaped,  with  a  neatly- 
drilled  hole  in  tbe  middle,  stone  beads,  and  flat  variegated  stones  ftvm 
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one  to  two  inches  wide,  six  or  seven  long,  and  half  an  inch  thick,  with 
ronnded  ends,  highly  polished,  and  generally  with  a  neatlydrilled  hole 
In  the  center,  have  been  found  in  and  about  these  ancient  works. 

Another  class,  of  more  recent  date,  consists  of  thonsands  of  flint  arrow- 
heads, from  a  half  inch  to  seven  inches  in  length.  These  were  unques- 
tionably made  by  the  modern  tribes  that  overspread  ITorthern  Ohio,  and 
most  of  the  material  was  procared  from  the  ridges  in  Licking  County. 
One  such  nest  was  plowed  up  in  Sullivan  Township,  three  years  since, 
by  Mr.  W.  3.  Eiggs,  containing  201  pear-shaped  arrow-heads,  neatly 
fiuished  and  of  an  annsual  style,  having  no  notch  for  fkstening  them  to 
the  shalt,  and  had  the  appearance  of  being  intended  for  cutting. 


FLIXT  IHFIEJIEVTS  IN  HOIHES  COUNTY,  OHIO. 

By  H.  B.  Case,  of  Lmtdonrille,  Ohio. 

An  interesting  "find"  of  fliut  implements  of  the  leaf-shaped  pattern 
was  discovered  in  the  summer  of  1870  on  the  farm  of  Daniel  Kick, 
about  Iialf  a  mile  north  of  the  Lake  ;Forb  of  Mohican  Eiver,  in  Washing- 
ton Township,  Holmes  County,  Ohio.  They  were  found  iu  a  pond  or 
basin-like  depression  formed  in  the  glacial  drift  or  river  gravel  which  is 
found  iu  this  vicinity,  The  pond  has  no  outlet,  aa  the  rim  of  the  basin 
is  20  feet  high.  In  order  to  collect  the  water,  which,  during  most  sea- 
sons, covers  the  bottom  of  the  pond,  a  ditch  i  feet  deep  was  dug 
through  it.  Near  the  bottom  of  the  ditch  were  found  the  remains  of  an 
old  oak  log  lying  across  the  cutting,  and  beside  the  log  were  found 
ninety-six  fliut  Implements,  all  leaf-shaped,  and  of  sizes  from  2^  to  BJ 
inches  in  length.  They  were  colored  by  red  oxide  of  iron,  which  ad- 
hered very  tenaciously  to  the  flint,  showing  that  a  quantity  of  this  ma- 
terial had  been  deposited  with  them.  This  pond,  iu  seasons  of  great 
drought,  becomes  dry,  but  has  not  been  so  for  several  years.  Were 
these  implements  buried  in  the  pond  by  the  owner,  or  were  they  placed 
beside  the  log  and  covered  by  the  slow  accumulations  of  the  alluvial 
deposits  of  centuries  f  The  pood  never  having  had  an  outlet  since  the 
deposition  of  the  glacial  dril't,  and  the  flints  being  found  within  a  foot 
of  tho  bottom  of  the  four  feet  of  alluvial  deposit,  would  indicate,  if  de- 
posited upon  the  surface,  an  antiquity  of  three-fourths  of  the  post-gla- 
cial i>eriod,  assuming  that  the  alluvium  was  laid  down  nniformly,  and 
that  the  flints  were  placed  beside  the  log  and  bad  not  been  buried,  and 
had  not  sunk  to  their  place  from  higher  up  in  the  mud.  These  imple- 
ments are  now  in  tho  collection  of  the  writer,  who  has  furnished  speci- 
mens of  the  same  to  the  ^National  Museum  at  Washington.* 

•  The  implements  were,  in  all  probability,  intentionally  linried,  forming  a.  deposit 
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KOUSD  IN  TBUHBCLI  CODNTT,  OHIO. 

Bt  F.  MiLLEit,  0/  Wett  Farminglon,  Ohio. 

Tbe  moaud  referred  to  is  situated  aboat  a  mile  north  from  tbe  village 
of  West  Fannington,  Ohio,  on  tlie  land  of  Mr.  Belden.  Its  elevation 
above  Swine  Creeb,  fiowing  near  by,  is  abont  70  feet,  and  its  lieigLt  is 
snpijosed  to  bave  been  some  30  feet  above  the  level  of  the  land.  It  has 
been  much  reduced  in  ciroamference  by  the  plow.  Ttro  years  ago  a 
gentleman  dug  three  holes  in  tbe  mound,  in  one  of  which  be  found  a 
square  piece  of  lead ;  In  another,  some  red  paint,  and  a  round  stone  in 
tbe  form  of  a  human  bead,  and  some  bones.  In  tbe  third,  and  central 
excavation,  he  found  two  skulls ;  but  they  were  eo  much  decayed  as  to 
crumble  on  exposure.  The  jaws  and  teeth  of  one  of  the  specimens 
remained  perfect.  The  bodies  originally  were  laid  in  circnlar  tiers, 
with  their  heads  in  the  center  and  the  feet  ontward.  Above  and  below 
each  there  was  placed  a  dat  stone,  which  mast  have  been  brought  at 
least  six  or  seven  miles  from  here,  aa  none  of  that  kind  are  found  in  this 
vicinity.  How  many  tiers  of  bodies  there  were  I  could  not  learn,  as 
there  was  no  note  made  of  it.  In  the  upper  part  of  the  moand  a  skele- 
ton of  large  size  was  discovered.  Flint  tools  were  also  discovered  with 
the  bodies. 

The  father  of  the  present  owner  settled  here  about  sixty  years  ago 
and  on  bis  arrival  found  beech-trees  over  2  feet  in  diameter  surround- 
ing the  mound,  several  of  which  were  hollow. 


ANTIQUITIES  OF  HANCOCK  COUNTI,  KENTUCKT. 

By  Joseph  Fbiel,  of  Ctorerport,  Kg. 

About  a  mile  north  of  Bennettsville,  Hancock  County,  Kentucky,  is 
arangeof  bills,  at  the  foot  of  which  runs  Allen  Cave  Greek.  These  bills 
are  capped  by  high  sandstone  ledges,  which  have  been  so  eroded  in  past 
ages  as  to  leave  overhanging  shelters  at  several  points;  some  of  these 
are  of  considerable  size ;  one,  particularly,  seems  to  have  beeu  occupied 
by  man  for  a  long  period,  but  now  serves  only  as  a  shelter  for  hogs. 
The  cavern  is  open  toward  the  south,  the  overhanging  roof  protecting 
the  space  below  from  any  exposure  to  the  elements  from  above,  while 
an  immense  rock  which  has  fallen  down  forms  a  partial  wall  directly  in 
front,  between  which  and  the  rear  wallof  tbe  cavern  the  deposit  contain- 
ing prehistoric  remains  is  found.  Thisdeposit  consists  of  rich  black  loam, 
woodasbes,  and  decomposed  vegetable  matter,  Tbe  deposit  is  27  by  12 
feet,  and  from  12  to  22  inches  deep.  I  found  large  quantities  of  flint  cbips 
and  fragments  of  arrow-heads  scattered  all  over  the  surface  of  the  deposit. 
On  digging  down  I  found  bones,  dint-cbips,  wood  ashes,  chnrcoal,  burnt 


Cooglc 


AHTIQUITIES  OP  KENTUCKY  AND  TENNESSEE.  269 

8au<l-rocks,  fragments  of  rude  pottery,  pieces  of  decomposed  wood,  and 
frequently  pieces  of  nmscle  shells.  I  fouiid  signs  of  fire  mostly  in  the 
center  of  tlie  cave,  wbile  fragments  of  pottery  and  bones  were  more  fre- 
qaently  met  near  the  oater  edge.  A  small  piece  of  a  cocoannt  shell  was 
discovered  near  the  bottom  of  the  deposit.  This  proves  tbat  the  cave- 
dwellers  of  Kentaeky  carried  on  trade  to  some  extent  with  their  soathem 
neighbors.  Aboat  three  baodred  yards  farther  dowQ  the  valley,  and  on 
the  opposite  side,  at  a  correspondiDg  elevation,  is  au  underground  cavern 
which  runs  under  the  hill  to  a  considerable  distance.  In  this  cave  I  hoped 
to  find  the  skeletons  of  the  ancient  cave-dwellers,  but  I  was  mistaken. 
After  a  diligent  examination  of  every  part  I  discovered  nothing  but  the 
skull  of  au  animal.  In  one  corner  near  the  month  of  the  cave  I  foand 
a  number  of  burnt  sand-rocks,  bat  could  discover  no  other  signs  of  fli-e 
or  human  habitation.  I  find  a  great  many  arrow-heads  and  flint  chips 
scattered  all  over  this  country,  and  also  numbers  of  rough  sandstones 
with  cavities  in  one  side. 

Recently  I  visited  the  mounds  of  Indian  Hill,  located  on  the  farm  of 
Mr.  James  Sanders,  about  three  and  a  half  miles  north  of  Fetlsville, 
Hancock  County,  Kentucky.  Indian  Hill  is  about  150  feet  in  height, 
and  on  the  summit  of  it  are  three  mounds  built  entirely  of  sandstone, 
which  must  have  been  conveyed  a  distance  of  at  least  250  yards  up  the 
steep  side  of  tbe  bill.  The  mounds  are  25  feet  in  diameter  at  the  base, 
and  were  originally  12  feet  in  height,  15  feet  apart,  and  in  a  straight  line 
with  tbe  ridge,  of  the  hill,  which  runs  in  a  direction  northeast  by  east. 
The  average  weight  of  the  stones  used  in  constructing  these  mounds  is 
about  65  pounds,  but  many  of  them  will  weigh  100  pounds.  The  mounds 
were  perfectly  solid,  having  no  cavity  in  the  interior  whatever,  neither 
were  used  as  sepulchres,  for  the  parties  who  opened  them  some  years 
ago  state  that  they  found  do  traces  of  hnmau  remains.  Close  to  the 
base  of  one  of  the  mounds  is  a  white-oak  tree  which  is  about  IS  or  20 
inches  in  diameter,  and  probably  one  hundred  and  fifteeu  years  of  age. 
This  tree  bears  no  mark  or  hacks,  which  it  doubtless  would  have  re- 
ceived aud  yet  exhibit,  if  the  Indians  who  occupied  this  country  ono 
hundred  years  ago  were  in  any  way  connected  with  these  mounds.  About 
20  feet  northeast  of  the  most  northerly  mound  many  fiint  chips  may  be 
found,  which  indicates  tbe  place  where  the  mound-bailders  were  iu  the 
habit  of  mannfacturiug  their  arrow-heads,  spear-heads,  &c.  Many  stoue 
implements  occur  in  the  vicinity  of  these  mounds. 


ASTIQtlTIES    or   TENNESSEE. 
By  W.  M.  Clare,  of  fVantlin,  Tenn. 

The  mounds  and  cemeteries  of  Tennessee  are  situated  tbronghout  the 
whole  of  the  State,  but  especially  in  the  middle  portion.  The  Indians 
seem  to  have  preferred  a  water-course  for  their  habitations,  and  it  is 
generally  the  casp,  that,  wherever  these  remains  exist,  there  are  the  very 
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bost  of  our  farmiog  lands.  There  are  varioas  kinds  of  these  remains, 
each  as  moanda,  cemeteries,  and  fortified  camps.  There  is  a  singnlar 
ctiain  of  works  extending  from  the  Teonessee  Biver  at  Florence,  Ala., 
diagonally  across  the  State  of  Teuuesaee  and  resting  on  the  Upper  Gnm- 
berland  lliver  near  Monticello,  Ky.  Whether  or  not  this  chain  denoted 
a  line  of  travel  for  the  aborigines,  or  was  accidentally  the  most  thickly 
populated  section  of  country,  I  knoiv  not.  This  region,  at  any  rate,  is 
far-famed  for  its  fertile  soil,  anil  is,  at  this  time,  the  most  thickly  popa- 
lated  section  of  Tennessee.  In  the  county  of  Williamson  alone,  where 
my  investigations  principally  were  made,  are  four  fortified  camps,  and 
the  builders  of  these  defenses  evinced  a  shrewdness  in  the  selection  of 
location  and  the  manner  of  improving  tbe  natural  advantages  that  we 
seldom  find  among  the  ignorant  savages  of  tbe  present  day. 

In  May,  IS75,  with  a  force  of  hands,  I  commenced  digging  in  a  large 
mound  situated  two  miles  from  Franklin,  in  this  county.  This  moand 
is  located  upon  a  high  hill  on  tbe  farm  of  Dr.  William  field.  The  hill  is 
isolated,  and  commands  a  view  of  the  conutry  for  many  miles  in  every 
direction.  It  is  400  feet  in  circumference,  and  is  snrrounded  by  a  level 
terrace,  smooth,  and  free  from  stones.  The  height  above  the  terrace, 
after  ages  of  settling  and  attrition,  is  20  feet.  It  is  covered  by  a  growth 
of  trees  similar  to.those  of  the  surrounding  forest,  which  has  never  been 
cleared.  The  hill  is  very  rocky,  and  the  wonder  to  me  was  where  so 
much  sail  had  been  procured.  But  my  wonder  ceased  after  a  few  hours' 
.digging,  for,  when  I  had  penetrated  the  deposit  of  made-soil  on  the  sur- 
face about  IS  inches,  I  came  to  the  material  of  its  construction, 
which  consisted  almost  wholly  of  limestone  bowlders,  gathered  from  the 
face  of  tbe  bill.  These  atones  varied  from  small,  broken  pieces  to  masses 
which  would  tax  the  strength  ofa  large  man  to  carry.  About'4  feei  from 
tbe  top,  we  came  to  a  layer  of  graves  extending  across  the  entire  monod. 
The  graves  were  constructed  in  tbe  same  manner  as  those  fonud  in  the 
cemeteries,  hereafter  to  be  described ;  that  is,'of  two  wide  parallel  slabs, 
about  2  J  feet  long  for  sides,  and  with  the  bottom,  bead,  and  foot  stone  of 
the  same  material,  making,  when  put  together,  a  bos  or  sarcophagus. 
Each  of  these  coSins  had  bones  in  it,  some  of  women  and  children  together, 
and  others  of  men.  N^umerous  hones  of  rodents,  and  a  few  of  deer,  were 
mixed  with  the  human  bones,  and  were  in  a  much  better  state  of  pre- 
servation than  the  latter,  In  fact,  the  hnman  bones  were  very  macb  de- 
cayed, and  I  was  able  to  obtain  only  afew  fragments.  The  skeletons  were 
laid  in  the  graves  with  the  heads  to  the  east,  and  the  arm  and  leg  bones 
were  alongside  of  tbe  body.  It  is  probable  that  tbe  later  tribe  of  In- 
dians used  this  place  as  a  sepnlcher,  from  the  fact  that  these  graves 
were  so  near  the  top  of  the  mound,  having,  in  the  other  mounds,  fonud 
the  skeletons  at  or  near  the  center,  and  at  the  bottom.  Tbe  only  relics 
I  discovered  among  these  graves  were  a  string  of  beads,  which  were  ly- 
ing with  the  cervical  vertebra  of  the  skeleton  ofa  woman.  These  beads 
are  made  of  chalk,*  and  have  a  polish  when  not  eroded  by  lying  in  con- 
■  Probably  of  ebell,  which,  when  decomposed,  baa  the  appeoiaoce  of  chalk. 
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tact  with  the  soil.  They  are  large  in  the  ceuter,  gradually  tapering 
each  way  to  the  end.  There  were  also  some  brokeD  fragments  of  pot- 
tery, but  no  eatire  vessels.  We  penetrated  the  center  of  this  mound 
nntil  we  struck  the  top  of  the  hill,  and  it  appeared  that  the  builders  had 
made  no  change  in  its  apes,  but  simply  piled  up  rocks,  with,  possibly, 
some  soil,  at  its  summit,  the  top  being  slightly  truncated. 

About  two  miles  to  the  west  is  a  group  of  mounds,  and  a  cemetery, 
and  every  evidence  of  a  large  encampment^  Earth-works  were  also  once 
there,  but  they  have  been  destroyed  by  cultivation,  being  located  in  a 
very  fertile  valley  on  West  Harpeth,  and  all  fully  in  view  of  this  mound. 
I  am  under  the  impression  that  this  was  an  advanced  outpost  for  the 
village,  and,  as'  snch,  was  used  as  a  signal  station  to  warn  the  inhabit- 
ants of  approaching  danger.  There  was  no  altar  at  its  bottom,  nor 
any  evidence  of  fire,  except  just  above  the  graves,  where  a  fe\t  ashes  were 
found,  caused  probably  by  the  signal-fires  here  lighted.  Whether  the 
terrace  was  made  by  tbe  subtraction  of  the  soil  in  the  Ibrniation  of  the 
monad,  or  by  soil  carried  there,  did  not  appear. 

S'orth  of  this  hill  and  near  its  base,  on  a  slight  elevation,  were  three 
small  mounds,  not  more  than  20  feet  in  diameter  and  about  G  teet  high, 
though  their  height  had  been  reduced  by  cnltiration.  I  examined  two  of 
them,  and  found  no  remains  of  skeletons  or  relics,  bat  beneath  the  level 
of  the. surrounding  land  was  a  simple  pile  of  stone  mixed  with  ashes. 
These  were  evidently  altars,  and  though  ludely  put  up,  showed  the 
handiwork  of  man.  We  went  altogether  below  the  stones,  but  found 
nothing.  I  then  removed  my  party  to  the  farm  of  Samuel  F.  Glass,  to 
the  encampments  above  alluded  to,  about  two  miles  to  the  west.  There 
is  a  flue  group  of  mounds,  and  four  of  them  are  in  a  line  from  north  to 
soath ;  a  large  one  in  the  center,  flanked  on  the  south  by  two  small  ones, 
and  on  the  north  by  another,  evidently  Intended  to  be  a  large  one,  bnt 
from  some  interruption  never  finished.  This  last  was  not  more  than 
3  feet  high,  thongh  T5  feet  in  diameter.  It  had  been  cultivated  a  great 
number  of  years,  but  showed  distinctly  its  proportions.  Being  in  cultiva- 
tion at  the  time  of  my  visit,  I  did  not  examine  it.  The  two  smaller  ones 
were  about  G  feet  high  and  20  feet  in  diameter,  while  the  largest  was  20 
feet  high  and  400  feet  in  circumference.  They  did  not  stand  in  a  per- 
J'eet  line,  but  formed  the  segment  of  a  very  large  circle,  the  largest  monnd 
forming  the  lowest  part  of  the  curve.  I  made  a  section  across  the  large 
one,  carefully  noting  the  work  which  progressed  from  either  side.  I 
dug  east  and  west  two  trenches,  meeting  in  the  center.  This  proved  very 
conclnsively  to  have  been  a  sacrificial  monnd,  and  though  the  relics  found 
were  indeed  few,  yet  they  were  of  the  greatest  interest.  There  were 
no  stones  ia  the  monnd,  it  being  constructed  entirely  of  soil,  not  even 
any  clay  being  visible.  It  had,  6  feet  from  the  snmmit,  a  layer  of  ashes 
and  baked  earth.  This  layer  was  conical,  as  if  spread  over  the  top  and 
afterward  covered  up.  The  evidence  of  fire  extended  about  8  feet  over 
the  snrface,  so  that,  in  the  section  presented  to  view,  the  ashes  formed 
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a  cnrve  about  8  feet  across.  Charred  wood  was  iotermised  with  the 
aslies,  sbowing  that  tbe  eartb  bad  been  piled  on  it  while  yet  burniog. 
No  fragments  of  booe  were  foaod,  as  they  would  sorely  have  been 
if  there  bad  been  any  buroing  of  animal  ofTerin^.  These  layers  of 
burnt  soil  and  ashes  recurred  every  5  feet,  until  we  reached  the  last, 
which  was  on  a  level  with  the  earth,  bat  for  1  feet  below  the  surface 
the  whole  seemed  baked  and  interspersed  with  ashes  and  charcoal.  In 
this  charred  mass  of  earth  we  came  upon  the  only  relics  contained  in 
the  mound ;  both  are  of  copper,  and  were  made  of  uusmelted  ore.  No. 
1  is  a  face  or  mask,  and  is  composed  of  four  pieces.  The  main  pieces 
are  beaten  together  in  the  center  by  some  instrument  of  stone,  tbe  mark 
of  the  blows  being  distinctly  visible.  One  piece  is  riveted  on  each  side 
to  represent  ears,  and  the  rivets  are  exceedingly  well  put  in  and  firmly 
anited.  It  is  oval  in  shape,  G  inches  long  and  i  wide,  being  abont  as 
largo  as  the  average  face  of  a  man.  By  aid  of  a  sharp  tool  small  dots 
were  made  to  trace  the  location  of  the  eyes,  eyebrows,  nose,  and  month, 
and  a  horizontal  line  beneath  the  nose  shows  the  place  of  the  nose- 
aticli,  which  has  a  pendant  on  either  end,  with  a  bead  or  other  ornament 
resting  on  the  cheek.  At  its  lower  edge,  below  the  chin,  are  three  rivet- 
holes,  by  which  it  was  possibly  fastened  to  a  wooden  or  stone  body,  and 
then  raised  upon  the  altar,  with  its  burnished  surface  glittering  iu  the 
sun,  an  object  of  pride  and  admiration  to  the  assembled  nation.  One 
side  of  this  mask  is  eroded,  and  the  whole  is  heavily  coated  with  the  oxido 
of  copper.  Byits  side  lay  another  J  it  consists  oftwo  concave  disks,  which 
are  connected  together  by  a  stem,  the  whole  being  shaped  like  an  hoar- 
glass,  hollow  through  its  entire  length.  It  was  also  hammered  out  of 
copper  ore,  and  so  deftly  done  that  no  joints  are  visible  either  in  the 
ends  or  in  the  stem.  The  stem  is  not  riveted,  but  seems  continaons,  as 
if  it  had  been  east  in  one  piece ;  yet  the  blows  of  the  tool  with  which  it 
was  made  are  plainly  visible.  At  first  I  snpposed  it  to  have  been  a 
spool  upon  which  the  Indians  wonnd  their  thread  of  sinews;  nor  conld 
I  have  guessed  its  proper  use  had  I  not  discovered  one  of  a  similar 
kind  in  an  adjacent  mound.  It  would  have  been  a  costly  spool,  for,  no 
donbt,  with  their  mechanical  appliances,  it  was  a  labor  of  long  dnra- 
tion  to  fashion  one  such,  and  I  afterward  became  convinced  that  it  was  aa 
emblem  of  authority,  and  was  worn  around  the  neck  of  their  priest. 
Where  did  they  procure  the  copper  1  There  is  none  in  this  coantry 
nearer  than  the  moontains  of  Unaka,  300  miles  distant,  and  the  stiU 
more  remote  shores  of  Lake  Superior.  The  existence  of  copper  imple- 
ments ia  BO  rare  in  this  State,  that  they  mnst  have  been  indeed  precioas 
to  the  tribe  owning  them,  and  may  have  been  bniied  for  safe-keeping. 
The  two  smaller  mounds  were  now  examined,  but,  in  the  one  nearest 
the  large  one  I  fonnd  nothing,  it  having  been  previously  opened  and  ex- 
amined by  Dr.  Joseph  Jones,  of  New  Orleans.  In  the  ferther  one,  how- 
ever, I  fonnd  an  oval  piece  of  galena,  weighing  three  pounds — this  lay 
about  i  inches  to  one  side  of  the  other  objects — and  a  piece  of  a  lower 
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maxUlary  bone.  A  man  had  been  bnried  in  this  monnd,  but  all  that 
was  left  of  him  was  some  bone-earth,  showing  where  tbe;  laid  him,  and 
this  small  fragment  of  the  jaw-bone,  preserved  by  ita  contact  with  the 
copper,  it  being  colored  and  permeated  by  the  oxide  of  copper.  It  ia 
the  central  piece  of  the  lower  jaw,  and  shows  on  each  side  the  mental, 
foramina  and  the  absorbed  remains  of  the  alveolar  processes.  Only 
fiagments  of  the  incisors  remain.  Now,  the  fact  that  the  skeleton  was ' 
entirely  decayed,  excepting  this  small  fragment,  plainly  indicates  its 
great  antiqnity ;  for  in  all  the  mounds  examined,  not  only  by  myself,  but 
by  others,  where  the  remains  of  bones  are  discovered  at  all,  tbey  are  in 
a  good  state  of  preservation,  the  depth  of  the  sepalcher  preserving  them 
from  decay*.  Andyet,iDthebottomof  this  mound,  never  before bronghtto 
light,  or  subjected  to  the  inflneDoes  of  the  atmosphere,  only  this  remains; 
and  even  that  would  have  long  since  moldered  into  dnst  had  it  not  been 
in  contact  with,  and  almost  surrounded  by,  this  pfece  of  copper.  Kor 
was  this  the  only  strange  thing  preserved  by  this  copper,  for  on  the  stem 
of  the  bobbin  was  about  18  inches  of  flax-thread  and  through  its 
center  was  a  piece  of  cord.  This  thread  and  cord  are  green  ftom 
the  effect  of  the  copper  and  still  retain  some  degree  of  strength.  I 
say  it  ia  flax,  but  of  that  I  am  not  certain,  as  I  examined  it 
with  a  poclcet  microscope  only.  It  certainly  is  not  of  animal  fiber,  but 
is  vegetable.  It  had  evidently  been  banging  around  the  neck  of  the 
skeleton  over  which  this  monod  was  erected,  and,  the  lower  jaw  drop- 
ping, the  mental  portion  of  tbe  bone  became  naturally  wedged  in  the 
copper  bobbin,  and  thus  it  remained  until  my  discovery.  The  skeleton 
was  that  of  a  very  old  man.  In  all  my  exhumations  I  have  not  before 
found  a  decayed  skeleton,  rarely  even  a  missing  tooth.  The  order  of  loss 
iswellknown;  flrst,the  molars,  then  the bicaspids,  and  finally  tbeincisors. 
Hereatl  were  gone.  Promthesefaetslsappose  this  man  to  have  attained 
a  very  great  age.  From  the  known  veneration  of  the  later  races  of 
Indians  for  the  aged,  I  infer  that  he  was  one  of  their  rulers;  and  the 
Indiana  being  patriarchal  in  their  form  of  government,  he  mnst  have 
been  a  priest  and  a  noted  person,  or  no  monnd  would  have  marked  the 
place  of  his  burial.  This,  then,  is  my  reason  for  believing  these  copper 
bobbins  to  have  been  the  symbols  of  ofKce  or  authority,  and  not  simply 
spools  upon  which  to  wind  their  thread.  The  fragment  of  thread  is 
coated  with  some  kind  of  gnm,  probably  aspbaltum,  and  that,  no  doubl:, 
contributed  to  its  preservation.  These  few  relics  were  all  that  wa3 
obtained  from  these  monnds,  except  the  piece  of  galena,  before  alluded 
to,  which  may  have  served  to  give  weight  to  the  club  of  some  stattrart 
warrior.  Unfortunately  the  land  has  been  cleared  and  cultivated  so 
long  that  most  of  the  graves  have  been  destroyed.  Several  ledges  of 
rock  pass  through  it,  and  in  every  crevice  of  these  ledges  bones  are  de- 
ported. Tbey  are  also  to  be  found  scattered  over  the  ground,  where  they* 
have  not  been  destroyed  by  the  plow  and  tbe  elements.  Old  settlers  say 
that  at  one  time  tbe  groand  was  thickly  strewed  with  them.  Near  the 
18  s 
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coDter  of  the  great  cemetery  stands  a  bnge  monad,  the  finest  Id  tlie  conn- 
try,  and  one  which  I  was  anxions  to  esamine,  bat  was  prevented  ft-om 
doing  80  by  the  scrnplea  of  the  owner.  I  examined  some  of  the  graves, 
I'owever.  I  fonnd  them,  as  osnal,  composed  of  flat  stones,  set  edgewise, 
with  stone  bottoms,  bat  no  covering  except  earth.  Several  pieces  of 
crockery  were  broken  by  the  oarelessness  of  the  assistants.  One  spec- 
imen resembles  perfectly  a  sqnash,  and  tends  to  show  that  this  vegeta- 
ble at  least  was  familiar  to  these  people.  I  also  obtained  a  string  of 
beads,  and  an  amnlet  which  resembles  tbo  face  of  a  man.  Many  relics 
have  been  taken  from  these  graves,  bat  being  considered  of  little 
valAe  were  neglected  nntil  lost  or  destroyed.  There  was  at  one  time  a 
large  fortified  camp  which  withstood  tfae  changes  of  time,  but  it  has 
long  since  yielded  to  the  inSnence  of  the  plow.  Three  miles  south  of 
Franklin,  on  a  bluff  of  Big  Harpeth  Biver,  was  another  camp,  covering 
twelve  acres  of  land,  each  end  of  the  inclosing  earth-work  resting  upon 
the  blnff.  This  camp  was  surrounded  by  a  wall  and  ditch,  and  three 
mounds  were  within  the  inclosuro.  Three  mounds  were  examined  in 
1867  by  Professor  Jones,  the  result  of  which  I  have  not  been  able  to 
procure.  I  found  a  few  isolated  graves  there,  from  which  I  procured  a 
very  perfect  vase  with  ears  to  it.  This  vase  was  lying  inverted  by  the 
neck  of  a  male  skeleton,  and  there  were  also  some  l>ones  of  a  deer,  A 
pile  of  rooks  near  by  indicated,  a8lthought,agrave,  bnti  found  it  to  be 
an  oveu,  lined  at  the  bottom  and  sides  with  baked  clay,  and  covered 
with  flat  rocks.  It  bad  broken  pieces  of  pott«ry  in  it.  Oa  the  largest  of 
tbe  three  mounds,  abont  half-way  up  the  slope,  a  grave  was  discovered 
containing  a  large  skeleton.  Piercing  the  sternum,  from  the  interior, 
was  a  small,  delicately -made  arrow-head,  the  cause,  no  dbnbt,  of  the 
death  of  the  buried  man. 

The  most  celebrated  cemetery,  and  the  one  most  frequently  resorted 
to  by  relic-banters,  is  at "  Old  Town,"  seven  miles  northwest  of  Frank- 
lin, on  the  farm  of  Mrs.  Brown.  Formerly,  like  other  encampments, 
it  had  a  wall  and  ditch  surrounding  it,  but  they  are  gone.  There  were 
many  graves  and  mounds  scattered  over  the  inclosure.  Most  of  these 
graves  have  long  since  been  emptied  of  their  contents,  and  the  mounds, 
for  the  most  part,  have  been  dug  into.  However,  I  obtained  some 
very  interesting  relics  here,  among  them  two  beautiful  pieces  of  ivory 
carved  with  a  precision  seldom  seen  among  Indians.  They  are  made 
from  a  tusk,  probably,  of  the  mastodon.  The  larger  one  must  have 
come  from  the  tusk  of  a  monster,  for  to  furnish  material  for  such  a 
gorget  it  mast  have  been  12  inches  in  diameter.  These  gorgets  have 
two  boles  in  the  edge,  near  each  other,  and  they  were  most  probably 
worn  suspended  on  the  breast,  and  may  have  been  emblems  of  authority. 
One  of  them  was  in  the  grave  of  a  giant,  for  a  large  man  could  pass  tbe 
lower  jaw-bone  around  his  face;  and  the  thigh-bone  was  four  iuohes 
longer  than  that  of  a  man  sis:  feet  two  inches  high.  A  piece  was  frac- 
tured off  one  edge  by  accident  after  taking  it  np.     Another  string  of 
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beads  waa  procnred  here.  They  are  made  of  bone,  are  qnite  BiDan,aDd 
n'ere  lying  in  the  grave'  of  an  iofant.  The  dead  id  this  cemetery  were 
all  baried  with  their  heads  toward  the  east,  and  some  graces  contained 
the  bones  of  three  or  four  persons.  It  was  qnite  comttton  to  find  the 
bones  of  cbildreQ  and  adnlts  in  ore  grave,  though  occasionally  a  grave 
was  occapied  by  several  children.  The  relics,  when  there  were  any,  were 
always  foand  by  the  aide  of  the  akiill. 

Where  they  iiroohred  the  material  to  make  the  greenstone  axes  fonud 
among  their  grave  relics  I  cannot  say,  as  it  is  a  volcanic  or  igneoas 
rock,  and  none  is  fonnd  in  this  State.  It  is  said  that  a  blaffon  the  Mis- 
Boorl  Biver  furnished  the  neighboring  Indians  with  the  material  for 
these  and  naiiy  other  implements. 

A  jar  holding  aboat  two  quarts,  and  a  small  pot,  were  exhumed.  In 
the  latter  was  found  a  piece  of  oxide  of  iron,  weighing  about  two 
onoces,  which  shows  a  worn  spot,  where  it  had  been  scraped  by  the 
owners  to  obtain  paint  for  their  bodies.  It  re&dily  yields  a  dusky-red 
color  ou  being  moistened.  In  one  of  the  graves  were  found  five  beauti- 
ful obloog  beads  of  amber,  two  inches  long,  and  in  the  center  one-half 
inch  in  diameter.  They  were  smoothly  bored,  and,  though  showing 
some  cracks,  were  still  entire.  Unfortunately,  these  were  stolen.  They 
showed  a  fine  iiolisfa,  and  would  have  been  prized  by  our  ladies  very 
highly.  I  also  saw  a  bead  of  the  same  material  raised  upon  the  drill  of 
a  well-borer  in  this  town,  only  difieriug  from  the  others  in  the  fact  that 
it  was  round  and  about  the  size  of  a  grape.  It  was  accidentally  lost  by 
tbe  gentlemen  who  discovered  it.  I  have  a  small  implement  of  con- 
glomerate— iron,  silica,  and  pyroxenC'-so  hard  that  the  best  file  will 
make  no  impression  npon  it,  and  tapering  both  ways  from  about  one- 
third  its  length.  It  is  difScult  to  conceive  its  nse,  nnless  by  the  aid  of 
sharp  sand  it  was  nsed  to  bore  or  drill  tbe  bowl  and  stem-hole  of  their 
pipes.  It  fits  those  openings  in  both  the  pipes  which  I  have.  I  also 
procured  a  large  number  of  axes  of  every  size,  from  the  smallest  toma- 
hawk to  the  largest  chopping-ax.  Flint  arrow-heads,  harpoon-heads, 
and  spear-heads  also  are  plentiful  in  my  collection,  besides  many  other 
□tensils  and  implements.  On  the  bluffs  of  the  Big  Harpeth  many  pic- 
tures of  Indians,  deer,  haffalo,  and  bows  and  arrows  are  to  be  seen. 
These  pictures  are  rndely  drawn,  bat  the  coloring  is  as  perfect  now  as 
when  first  put  on.  We  have  also  bone  awls,  buckhom  bundles  for 
knives,  &c. 

We  now  have  to  consider  the  most  interesting  relics  found  with  the 
dead  aborigines,  viz,  tbe  idols ;  and,  as  I  have  before  stated,  since  it  is 
universally  conceded  that  our  Indians  are  tbe  only  known  savage  race 
which  does  not  worship  idols,  it  is  difficult  to  define  the  use  to  which 
these  relies  were  put  by  their  owners.  I  have  procured  four  speci- 
mens, all  of  sandstone,  except  one  made  of  clay  and  sand  and  burnt. 
One  of  these  idols  weighs  27J  pounds,  and  is  cut  from  a  solid  block  of 
sandstone.    It  is  remarkable  for  its  great  resemblance  to  tbe  idols  of 
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India  and  China.  The  vorkmanahip  ia  rude,  it  is  trne,  bat  &ithfal  iu 
its  details.  The  legs  are  only  represeuted/to  the  kneea.  There  is  an 
attempt  to  show  the  hair,  and  at  the  back  of  the  head  there  is  a  knot 
«f  hair,  with  a  loop  for  the  saspensiou  of  ornaments.  This  figure  does 
not  coDtaia  an  opeuiug  like  a  pii>e,  and  was  evidently  only  intended  as 
a  representation  of  a  man.  It  was  found  lying  in  a  grave  by  the  side 
of  a  huge  skeleton,  much  taller  than  the  present  race  of  men.  The 
skeleton  was  in  suuh  a  state  of  decay  that  it  could  not  be  preserved. 
Another  idol  of  sandstone  of  mnch  ruder  workmanship  than  the  former 
was  found  here.  It  weighs  eight  ponnds,  and  was  al8o  taken  from  a 
grave.  Evidently  art  was  in  its  earliest  stages  when  this  was  execated, 
and  it  is  rather  a  caricature  than  a  likeness  of  man.  The  arms  folded 
on  the  breast  are  only  outlines  traced  iu  the  stone,  and  the  featores  are 
made  iu  a  similar  manner.  The  breasts  are  larger  in  proportion  than 
those  of  the  former  image,  and  from  their  prominence  I  am  inclined  to 
think  it  was  intended  for  a  female.  Another  figure  about  the  same  size 
and  of  the  same  material  was  found ;  it  unquestionably  represents  a 
woman.  -  The  features  are  more  distinct,  and  the  arms,  instead  of  being 
crossed,  rest  upon  the  side,  with  the  hands  upon  the  knees.  The  breasts 
are  well  developed,  and  the  spinal  column  is  marked  along  the  entire 
length  of  the  back.  The  head-dresn  ia  peculiar,  the  hair  being  in  folds, 
and  divided  into  three  separate  parts,  with  a  knot  on  the  top  of  the  head. 
All  these  images  were  taken  from  graves,  thongh  mounds  were  in  their 
immediate  vicinity.  I  have  many  other  relies  of  the  moond-builders, 
bat  these  comprise  the  most  important  and  interesting. 
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Bj  R,  a  Robertson,  of  Fori  Wayr>t,  l*i. 

On  the  2Tth  of  August,  1877,  during  the  session  of  tbe  American 
Association  for  the  Advancement  of  Science,  in  company  with  &lr.  H.  U. 
Bust,  of  Chicago,  and  Mr.  K.  Curtis,  of  N'ashville,  I  visited  a  locality 
famous  for  its  stone  graves,  or  "  cist "  burials. '  It  is  a  vast  cemetery, 
situate  on  a  hill-aide,  about  two  miles  from  the  State  House,  beyond 
Fisk  University,  tbe  bill  being  crowned  by  Fort  ZoUicoffer,  a  Confed- 
erate earth-work  commanding  the  Cumberland  Kiver  for  a  considerable 
distance.  Kearly  all  the  hills  and  ridges  in  the  vicinity  are  said  to  have 
been  occupied  and  used  as  cemeteries  by  the  aborigines.  A  brief  search 
through  a  corn-field  close  at  band  rewarded  us  with  a  number  of  perfect 
and  broken  arrow-points  and  two  pestles,  one  of  which  ia  peculiar  from 
having  the  upper  end  fiattened  like  the  "  fieshers,"  or  "  akin-dressing 
implements."  The  ground  on  the  face  of  the  hill,  where  denuded  by 
the  action  of  the  weather,  is  covered  with  periwinkle  shells,  and  on 
digging  we  found  them  everywhere  mixed  in  large  qaaatitiea  with  the 
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earth  filling  the  graves.  ■  The  graves,  or  "  cists,"  do  not  seem  to  be  laid 
ont  accordiag  to  any  regalar  plan,  though  many  of  them  are  side  by 
side  and  located  close  together.  We  found  none,  however,  in  which  the 
same  slab  waR  ased  as  a  partition  between  two  bariala,  but  those  opened 
were  complete  in  themselves.  Of  two  oompletelyexhnmed  1^  ns,  lying 
side  by  side,  one  bad  stone  slabs  lying  on  the  bottom  upon  which  the 
body  had  been  laid.  The  aides  and  ends  of  the  grave  were' lined  with 
thlu  limestone  slabs,  making  a  complete  stone  cist,  abont  sixfeet  long 
and  JQst  wide  enoagh  for  the  body  to  be  placed  within  it,  with  the  arms 
pressed  close  to  the  side.  The  body  had  been  placed  on  its  back,  bat 
the  head  had  fallen  a  little  to  the  right  Bide,  and  the  pressure  of  the 
earth  had  caused  a  distortion  of  the  base  of  the  skull  in  the  opposite 
direction  from  the  point  on  which  the  sknll  rested.  Close  to  the  left 
shoalder  a  small  earthen  vase,  holding  abont  a  gill,  was  fonnd.  Itliad 
perforated  ears  for  suspension,  and  was  filled  with  some  carbonized 
matter.  The  skeleton  of  a  child,  of  abont  two  years  (as  we  surmise 
from  the  conditiou  of  the  teeth),  lay  between  or  upon  the  legs  of  the 
adnlt  (probably  a  female),  its  head  between  the  thighs,  and  the  body 
extended  down  along  the  legs.  The  earth  inside  the  cist  was  very  com- 
pact, and  mixed  very  thoronghly  with  periwinkle  sheila.  I  oondnded, 
from  the  compactness  of  the  earth  within  the  cist,  that  it  had  been 
heaped  up  and  the  slabs  laid  upon  the  heap  to  allow  for  settling,  as  no 
space  existed  between  the  covering  slabs  and  the  earth  beneath. 

In  the  next  grave  there  were  no  stones  forming  a  bottom  to  the  cist, 
bnt  the  body  lay  upon  the  earth.  In  this  ease  the  head  had  not  turned 
at  all,  and  the  distortion  by  compression  was  a  flatteniug  of  the  rear  of 
the  sknll,  so  that  the  diameter  from  front  to  rear  was  less  than  the  lat> 
eriil  diameter.  No  ornaments,  tools,  or  pottery  were  discovered  in  this 
grave,  bnt  afliut  arrow-head  of  the  blunt  pattern  was  fonnd  in  the  earth 
above  tbe  covering  slabs.  Another  noticeable  feature  was  the  fact  that 
part  of  tbe  covering  had  fallen  i  q  at  one  side.  Had  tbe  stone  been  laid 
npon  the  upright  slabs  forming  Ihe  sides,  it  could  hardly  have  fallen  in 
in  that  manner,  but  must  bave  broken  by  the  weight  of  the  superin- 
cumbent earth.  The  earth  filling  the  grave,  as  in  the  other,  was  mixed 
with  shells. 

These  graves  are  found  everywhere  about  Nashville,  and  within  the 
dty  limits.  On  tbe  ridges  close  to  tbe  Sulphur  Spring,  the  stones  in- 
closing  such  graves  may  be  seen  protrnding  from  the  ground,  where  tbe 
earth  above  has  weathered  off.  Fragments  of  pottery  abonud,  some  of 
the  common  sort,  and  others  very  thick — about  one-half  to  three-fourths 
inch — composed  of  a  grayish  clay,  with  large  fragments  of  shells.  The 
vessels  of  which  they  were  part  must  have  been  very  large.  Tradition- 
ally, they  are  believed  to  have  been  nsed  in  evaporating  salt  from  the 
spring.  A  brief  search  resulted  in  finding  nnmerons  specimens  on  tbe 
surface  and  protruding  Irom  tbe  stdes  of  the  ridges  near  the  aurfitce. 
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It  is  atud  that  the  saline  properties  of  the  spring  vere  more  notice- 
able before  the  deep  boie  was  made  which  produced  the  satphnr  water, 
which  is  80  mach  patrouized.    The  well  is  now  300  feet  deep. 

My  maiD  object  in  presentiDg  these  faetB  is  to  call  attentioD  to  the 
distorted  coodition  of  the  crania.  In  my  opinion  mauy  otherwise  acute 
observers  have  been  misled  in  their  classillcatioQ  of  sknlls  by  the  ap- 
pearance of  those  distorted  by  pressare. 

My  experience  has  led  me  to  believe  that  many  sknlls  considered  ab- 
normal, or  as  belonging  to  a  race  tyi>e,  are  simply  distorted  by  the 
pressure  of  the  snperincambent  earth.  To  illustrate :  If  a  corpse  has 
beeu  bnried  in  a  sandy  or  otherwise  loose  earth,  with  the  eyes  turned 
npward,  as  the  soft  parts  decay,  the  skull  is  filled  by  the  earth  pene- 
trating or  silting  down  through  the  sockets  so  as  to  present  a  resistance 
to  pressure,  and  we  may  expect  to  find  a  skull  in  the  normal  condition. 
If,  on  the  other  baud,  the  earth  is  hard  and  not  of  a  quality  to  penetrate 
and  fill  the  skull,  or  if  the  skull  be  tamed  to  one  side  so  as  to  prevent 
it  being  filled  except  by  a  slow  process,  we  may  expect  to  find  the  skull 
distorted,  bent  as  it  were,  and,  so  far  as  my  experience  goes,  the  rule  is 
iovariable.  If  the  head  lay  on  its  side  we  should  have  a  doliehocephalic, 
and  if  upon  its  back  a  brachycephalic  skull,  without  any  breaking  of 
the  bone.  If  turned  to  either  side,  we  should  have  a  distorted  skull, 
which  belongs  to  neither  class,  but  might  be  anwlttingly  classed  as  a 
*'  type,"  or  as  an  abnormal  development. 
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BIED-SHAPED  STONE  TUMULI  IH  PUTNAM  COUNTY,  GEORGIA. 

The  existence  of  curious  effigy-monnds  in  the  southern  coanties  of 
■Wisconsin  was  noted  by  Mr.  Laphain  in  183C.  Subsequently,  Mr.  Tay- 
lor, Professor  Locke,  and  Messrs.  Squier  and  Davis  furnished  additional 
iDformaiion  in  regard  to  the  distinctive  characteristics  of  these  unusual 
etructares.  It  was  reserved,  however,  for  the  Smithsonian  Institution, 
in  the  seventh  volume  of  its  "  Oontributions,"  to  furnish,  from  the  pen 
of  Mr.  Lapham,  the  most  complete  account  of  these  interesting  remains. 
Tfaey  were  quite  namerons  along  tbe  great  Indian  trail  or  war-patb 
from  Lake  Michigan,  near  Milwaukee,  to  the  Mississippi  above  the 
Frairie  du  Chien.  Generally  representing  men,  hufibloes,  elks,  hears, 
otters,  wolves,  raccoons,  birds,  serpents,  lizards,  turtles,  and  frogs,  in 
some  instances  they  were  supposed  to  typify  inanimate  objects,  sneh  as 
bows  and  arrows,  crosses,  and  tobacco-pipes.    While  the  outlines  of  not 
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a  few  bad  been  serionsly  impaired,  others  In  a  spirited  and  eorrect  man- 
ner declared  the  objects  of  their  imitation.  Gonstracted  of  earth,  they 
varied  in  height  from  6  inches  to  7  Teet.  In  certain  localities  the 
animals  ^rere  delineated  not  in  relief  but  in  intaglio,  by  excavations 
and  not  by  elevations. 

Two  animal  mounds  have  been  observed  in  Ohio.  On  an  elevated  spnr 
of  land  near  Granville  is  an  earthwork  known  in  the  neighborhood  as 
the  Alligator,  Its  total  length  is  250  feet.  The  head  and  body,  four 
sprawling  legs  and  a  cnrled  tail,  were  all  clearly  defined.  Across  the 
body  it  was  40  feet  broad,  and  the  length  of  the  legs  was  36  feet.  Fonr 
feet  expressed  the  average  height,  while  at  the  shoulders  the  mound 
attained  an  elevation  of  6  feet.  It  was  manifestly  the  effort  of  the 
primitive  workmen  to  preserve  the  proportions  of  the  reptile. 

Situated  on  a  ridge  rising  150  feet  above  Brash  Creek,  in  Adams 
County,  is  a  still  more  remarkable  structure,  which,  from  its  conSgura- 
tion,  has  received  the  appellation  of  tho  Great  Serpent,  "Conforming 
to  the  curve  of  the  hill,  and  occupyiug  its  very  sumtuit,  is  the  serpent, 
its  head  resting  near  the  point  and  its  body  winding  back  for  700  feet  in 
gracefal  undulations,  terminating  in  a  triple  coil  at  the  tail."  If  ex- 
tended, its  entire  length  would  be  not  less  than  1,000  feet.  The  em- 
bankment is  upward  of  6  feet  high,  with  a  base  diameter  of  30  feet  at 
the  center  of  the  body,  whence  it  diminishes  somewhat  toward  the  head 
and  tail.  "  The  neck  of  the  serpent  is  stretched  out  and  slightly  carved, 
and  its  mouth  is  opened  wide,  as  if  in  the  act  of  swallowing  or  ejecting 
an  oval  figure,  which  rests  partially  within  the  distended  jaws," 

When  and  by  whom  these  remarkable  tumuli  were  bnilt  is  not  known. 
The  object  of  their  construction  is  equally  a  matter  of  conjecture. 

It  has  been  supposed  that  these  animal-shaped  mounds  existed  only  in 
Wisconsin  and  a  few  other  localities  in  the  West.  Our  recent  observa- 
tions prove,  however,  that  the  primitive  dwellers  in  the  South  have  left 
similar  traces  of  their  coustrnctive  skill. 

Six  miles  and  a  half  north  of  Eatonton,  in  Putnam  County,  Georgia, 
on  a  plantation  owned  by  the  heirs  of  the  late  Mr.  I.  H.  Scott,  may 
now  be  seen  a  bird-shaped  monnd  of  definite  configuration.  Located 
in  the  midst  of  a  beautiful  wood,  and  crowning  a  high  lidge  near  tho 
headwaters  of  Little  Glady  Creek,  it  is  composed  entirely  of  bowlders  of 
white  quartz  rock,  gathered  from  the  adjacent  territory.  Most  of  these 
bowlders  are  of  such  size  that  they  conid  have  been  transported  by  a 
single  individual.  For  the  removal  of  others  two  or  three  persons 
woald  have  been  requisite.  These  bowlders  were  carefully  piled  one 
above  another,  the  interstices  being  filled  with  smaller  fragments  of 
milky  quartz.  Into  the  composition  of  the  structure  enters  neither  earth 
nor  clay. 


n,g,i,7cd  by  Google 


280  ABOBIGIKAL  STBUCTDBES  IN  QEOBQU. 

V  /f       ^  FJG.l. 


AcoEi  mfietUtl  fwA. 

Blrd^haped  tUate  moiuid  tn  FatuRm  Coonty,  Qsorgla. 

TUis  stone  mound  repreeents  sq  eagle  lying  upon  its  back,  with  ex- 
tended vings.  (See  Fig.  1.)  The  bead  is  tnrned  toward  the  east.  Id 
the  cooatrDctioti  of  this  tamulas  respect  vas  had  to  the  object  imitated ; 
tbe  height  of  the  tamnlaa  at  the  breast  of  the  bird  being  between  7  and 
8  feet,  its  altitude  thence  decreasing  toward  the  head  and  beak,  where 
it  is  not  more  than  2J  feet  high,  and  also  toward  the  extremity  of  the 
wings  and  tail,  where  it  has  an  elevation  of  scarcely  2  feet,  The  beak 
is  decidedly  aquiline,  and  the  tail  is  indented.  Measured  from  the  top 
of  the  head  to  the  extremity  of  the  tall  this  structure  is  102  feet  long. 
From  tip  to  tip  of  tbe  wings,  measured  across  the  body,  we  have  a  dis- 
tance of  120  feet.  The  greatest  expanse  of  tail  is  38  feet,  the  same  as 
the  lateral  diameter  of  the  body.  Tbe  proportions  of  the  head,  neck, 
wings,  and  tail  are  cleverly  preserved.  That  this  tnmulns  was  designed 
to  typify  an  eagle,  we  think  may  be  affirmed  with  some  degree  of  cod- 
fldence,  and  that  it  possesses  unasual  attractions  will  not  be  denied. 
Sarronnded  by  primitive  forest  and  composed  of  most  durable  material, 
its  antiquity  is  evidently  very  considerable.  If  undisturbed,  it  will 
preserve  its  integrity  for  an  indefinite  period. 

By  some  curious  persons  an  attempt  was  made,  years  ago,  to  prj  into 
its  secrets.  A  partial  opening  was  efTected  in  the  breast,  but  with  what 
resnlts  we  coald  not  learn.  It  excites  no  surprise  that  tbe  eagle  sbonld 
have  been  selected  in  ancient  times  as  a  symbol  of  all  that  was  swift, 
powerful,  watchful,  daring,  and  noble.  Of  its  feathers  was  the  battle- 
flag  of  the  Greeks  made.    Their  council-lodges  were  surmounted  with 
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carved  imagee  or  atafHed  BkitiB  of  this  regal  bird.  Kone  aiooDg  the 
Cherokees,  eave  apiproved  warriorB,  were  permitted  to  wear  its  plames. 
To  this  king  of  the  feathered  tribe  were  religioaa  honors  paid  by  the 
Natchez,  who  regarded  ita  feathers  not  simply  as  ornaments  and  tro- 
phies, bnt  as  marks  of  dignity  and  insignia  of  no  common  import. 

AboDt  ft  mile  and  a  half  ftx>in  Lawrence's  Ferry,  on  the  Oconee  Biver, 
and  sitnsted  on  a  stony  ridge  near  the  miuD  road,  on  the  plantation  of 
Mr.  Kincben  D.  Little,  In  Putnam  Coaoty,  ia  another  of  these  bird- 
shaped  monnds.  Like  the  fwmer,  it  is  composed  wholly  of  bowlders 
of  white  gnartz  rook,  collected  from  the  hill  on  which  it  stands.  (See 
Fig.  2.) 


rtG.a. 


Blrd-Bh^odrt 


nnd  In  Patnu]  Coantj,  OeorsU. 


Its  dimensions  do  not  materially  differ  trom  those  of  the  tnmolas  on 
the  Scott  place.  The  tail,  however,  is  bifaroated.  The  head  of  the  bird 
lies  to  the  sontbeast,  and  its  wings  are  extended  in  the  direction  of 
northeast  and  soathwest.  The  entire  length  of  the  strnotare,  from  the 
crown  of  the  head  to  the  end  of  the  tail,  is  102  feet  and  3  inches. 
For  a  distance  of  twelve  feet  the  tail  is  bifurcated,  and  just  above  the 
point  of  bifurcation  it  is  12  feet  wide.  Across  the  body,  and  fh>m  tip 
to  tip  of  the  wings,  the  tape  gave  ns  a  measurement  of  132  feet.  The 
body  of  this  bird,  which  is  evidently  lying  upon  its  bock,  is  stouter  thoa 
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tbat  of  the  eagle,  being  76  feet  in  diameter.  Ita  wings  are  relatively 
sborter.  The  proportions  of  the  head,  neck,  and  tail  are  tolerably  well 
obaervei).  What  particular  bird  this  tnmnlns  is  designed  to  typify,  we 
are  at  a  loss  to  saggest.  The  altitude  at  the  breast  is  abont  6  feet,  and 
from  that  point  the  structure  tajiers  to  the  head  and  tail,  which  are  some 
two  feet  high.  At  the  tips  of  the  wings,  which  are  short  and  cnrved,  the 
height  ia  not  more  than  a  foot  and  a  hall  The  ridge  npon  which  this 
monnd  rests  has  never  been  cleared. 

Surrounding  this  bird-sbaped  tuniulns  is  an  inclosnre  of  rocks  similar 
to  those  of  which  the  mound  is  built.  This  stone-circle  is  symmetrical 
in  outline,  and  at  its  nearest  approach  passes  within  a  few  f^t  of  the 
tips  of  the  wiugs. 

Crowning  the  elevated  ridges  by  which  this  county  is  traversed,  are 
occasional  rock-mounds  of  artificial  origin.  Usually  from  4  to  8  feet 
bigb,  and  with  base  diameters  of  from  30  to  40  feet,  they  are  circular  in 
form,  and  are  composed  of  the  fragments  of  milky  quartz  bo  commoo 
jn  the  region.  Some  have  been  opened,  and  from  them  have  been  taken 
human  bones  and  relics  of  various  sorts.  Manifestly  sncb  are  grave- 
mounds,  it  beiug  easier  iu  the  rocky  neighborhood  to  heap  such  stoue- 
piles  above  than  to  cover  the  dead  with  earth.  Of  this  class  of  tumuli 
we  instance  one  on  the  plantation  of  Dr.  J.  T.  de  Jarnette,  12  miles  from 
Eatonton  and  about  a  mile  from  the  Oconee  Biver,  and  another  on  the 
land  owned  by  Capt.  A.  S.  Beid,  four  miles  from  Eatonton  and  near 
Little  River, 

It  was  intimated  by  some  of  the  early  observers  that  tumuli  of  this 
description  were  not  infrequently  temporary  in  their  character,  and 
designed  as  a  protection  to  the  dead  who  perished  away  firom  their 
homes,  until  sncb  time  as  they  could  be  conveniently  removed  and  carried 
back  for  interment  in  the  established  burial-grounds  of  the  tribe  or  com- 
munity of  which  the  deceased  were  members.  While  it  may  be  true 
tbat  some,  and  perhaps  many  of  the  smaller  rock-piles  so  frequent  in 
many  portions  of  Cherokee  Georgia,  may  hare  originated  in  this  way,  we 
are  of  opinion  that  the  substantial  structures  to  which  we  have  alluded 
are  permanent  in  their  character,  and  were  erected  as  enduring  memo- 
rials of  the  primitive  dead  of  this  region.  Surely  no  more  lasting  mon- 
uments could  have  been  devised  at  that  early  period. 

The  existence  of  two  distinctly  marked  bird-sbaped  mounds,  of  firm 
constrnctiQn  and  excellent  proportions,  within  the  territory  occupied  by 
the  Soatbern  tribes,  is  deeply  interesting,  and  will  attract  the  attention 
of  the  student  of  Amerlcau  archsology. 
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AKCIENT  TDMULI   ON   THE    SATAHKAH    EIVEB,  TISITED   BY    WILLIAH 
BABTBAai,  IN  1776. 

Near  the  close  of  a  Bpriog  day  in  1776,  Mr.  William  Bartram,  who,  at 
the  ieqne«t  of  Dr,  Fothergill,  of  London,  had  been  for  some  time  stndy- 
'  ing  the  flora  of  Carolina,  Georgia,  and  Florida,  forded  Broad  Biver  just 
aiwye  its  conflueDce  with  the  Savannah,  and  became  the  gnest  of  the 
commanding  officer  at  Fort  Jamea.  This  fort  waa  situated  on  an  emi- 
nence  in  the  forks  of  the  Savannah  and  Broad,  egnidistant  from  those 
Tireis,  and  from  the  extreme  point  of  land  formed  by  their  union.  Fort 
Charlotta  was  located  about  a  mile  below,  on  the  left  bank  of  the  Sa- 
TaoDab.    The  stockade  of  Fort  Jamea  was  an  acre  in  extent. 

Fig.  1. 
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Asdeot  tomiill  on  the  Swrwuli  :^vei. 


Attended  by  the  polite  snrgeoa  of  the  garrison,  Bartram  made  an 
excarsloD  op  the  Savannah  Biver,  *'  to  inspect  some  remarkable  Indian 
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monumeDts,"  four  or  five  milea  above  tbe  fort.  OF  them  he  writes  as 
follows:  '*  These  woaderfiil  labors  of  the  ancients  stand  in  a  level  plain 
very  near  tbe  bank  of  the  river,  now  20  or  30  yards  from  it  They  con- 
sist of  conical  moaats  of  earth,  and  four  sqaare  terraces,  &o.  Tbe  great 
nKiunt  is  In  the  form  of  a  cone,  aboot  40  or  60  feet  high,  and  the  oir- 
camference  of  its  base  two  or  three  hundred  yards,  entirely  composed 
of  the  loamy,  rich  earth  of  the  low  gronnds ;  tbe  top  or  apex  is  flat ;  a 
spiral  patli  or  traek  leadiog  from  the  gronnd  np  to  tbe  top  is  still  risi- 
ble, where  now  grows  a  large,  beaatifol  spreading  red  cedar  {Juniperug 
Amerioana).  There  appear  foar  niches  excavated  out  of  tbe  sides  of  the 
bill,  at  different  heights  At>m  the  base,  fronting  the  fonr  cardinal  poibts ; 
these  niches  or  sentry-boxes  are  entered  from  the  winding  path,  eod 
seem  to  have  been  meant  for  resting  places  or  lookonts.  The  circam- 
jacent  grounds  are  cleared  and  planted  with  Indian  com  at  present, 
and  I  tbink  tbe  proprietor  of  these  lands,  who  accompanied  ns  to  this 
place,  sfud  that  the  mount  itself  yielded  above  one  hundred  hnsbels  in 
one  season.  The  land  hereabouts  is  indeed  exceeding  fertile  and  pro- 
ductive." 


Unable  satisfoctorily  to  determine  tbe  precise  object  tbe  aborigines 
had  in  contemplation  in  the  erection  of  this  striking  monument,  he 
hazards  the  coqjectnre  that  tbe  Indians  formerly  possessed  a  town  on 
the  river  bank,  and  raised  this  monnd  as  "  a  retreat  and  refuge  In  case 
of  inundations,  which  axe  unforeseen,  and  snrprise  them  very  suddenly, 
spring  and  aatumn." 

What  were  tbe  uses  of  the  smaller  elevations  be  does  not  suggest. 

Wishing  to  note  the  changes  which  might  have  occurred  during  tbe 
past  hundred  years,  we  visited  these  tumuli  a  few  weeks  since.  The 
attendant  moands,  which  are  mainly  grave-moands,  had  been  materially 
wasted  by  tbe  plowshare  and  the  inflnences  of  the  vaiyiog  seasons. 
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The  tetragon  terraces  had  lost  their  distiDcti^'e  ontlines,  and  were  little 
more  than  gentle  elevationa;  their  surfaces  tittered  with  sherds  of  pot- 
ter; and  flint  chips,  and  occasionally  with  ftagments  of  human  bones. 
Freshets  had  sadly  marred  the  lerel  of  the  adjacent  space.  Orerleapiag 
the  river  bunk,  the  tnrbid  waters  bad  carved  deep  pathways  in  the  sur- 
face of  the  valley  ou  both  sides  of  the  "  great  mount-."  There  it  re- 
mained, however,  wholly  unaffected  by  the»e  nuusaal  currents.  It  had 
evidently  suffered  no  perceptible  dimination  in  its  recorded  dimensions. 
The  Savannah  Biver  still  pursued  its  long-established  channel,  but  "  the 
foor  niches  or  sen  try-boxes,''  if  they  formerly  existed,  were  entirely  gone, 
and  of  "  the  spiral  path  or  track  leading  from  the  ground  op  to  the  top  " 
we  could  discover  no  trace.  On  the  south  a  roadway,  about  16  feet 
wide  and  commencing  at  a  point  some  distance  iVom  the  base  of  the 
mound,  leads  with  a  regular  grade  to  tbe  top.  This  manifestly  fur- 
Dished  the  customary  means  of  ascent,  as  the  sides  are  too  precipitous 
for  convenient  climbing.  This  feature  seems  to  have  escape<1  Mr.  Bar- 
tiam'a  observation. 

^ot  having  beeu  cultivated  for  many  years,  the  apex  and  sides  of  this 
truncated  cone  are  now  clothed  in  a  luxuriant  growth  of  trees  and 
swamp  cane.  Attired  in  such  attractive  garb,  this  tnmnlus  forms  a 
marked  object  in  the  profile  of  the  valley  from  which  it  springs.  Proofs 
of  long-continaed  occnpancy,  by  the  aborigines,  of  the  adjacent  territory 
are  abandant.  Ancient  burial-places,  the  sites  of  old  villages,  traces 
of  open-air  work-shops  for  the  manufacture  of  implements  of  jasper, 
quartz,  chert,  greenstone,  and  soapstone,  refuse  piles,  aud  abandoned 
fishing  resorts,  are  by  no  means  infrequent  along  both  banks  of  the  Sa- 
vaanah  Biver  for  many  miles.  Upon  the  advent  of  the  European  tbe 
circumjacent  valley  was  found  cleared  and  in  cultivation  by  the  red 
men,  who  here  had  fixed  abodes  aud  were  associated  in  considerable 
numbers.  Tbe  Southern  tribes,  in  the  sixteenth  century,  subsisted 
largely  upon  maize,  beans,  pumpkins,  and  melons.  These  they  planted, 
tended,  and  harvested  regularly.  Of  their  agricultural  labors  at  tbe 
dawn  of  the  historic  period  we  have  full  accounts. 

So  vast  are  tbe  proportions  of  this  largest  mound  that  we  are  per- 
suaded it  rises  beyond  the  dignity  of  an  artificial  place  of  retreat,  eleva- 
tion for  chieftain -lodge,  or  mound  of  observation. 

It  appears  entirely  probable  that  it  was  a  temple-mound,  built  for  sun- 
worship,  and  that  it  forms  one  of  a  well-ascertained  series  of  similar 
structures  still  extant  within  the  limits  of  the  Southern  States.  These 
Florida  tribes,  as  they  were  called  in  tbe  days  of  De  Soto,  worshiped  the 
sun  and  were  frequently  engaged  in  the  labor  of  mound-building.  Over 
them  ruled  hings  who  exercised  powers  well-nigh  despotic.  Often  were 
the  concentrated  labors  of  the  nation  directed  to  tbe  accomplishment  of 
allotted  tasks.  Hence,  within  the  territory  occupied  by  these  people, 
we  find  many  traces  of  early  constructive  skill  of  unusual  magnitude. 

The  material  employed  in  erecting  this  large  tumulus  dififers  from  the 
Boil  of  tbe  surrounding  bottom.    It  is  a  dark-colored,  tenacious  clay, 
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while  the  earface  of  the  valley  is  covered  vitb  a  micaceoae  loom  readil; 
diasolving  into  an  almost  impalpable  powder.  Kear  by  are  no  traces 
of  pits  or  excavatioDS.  "Sot  are  there  indications  that  any  earth  waA 
scraped  np  aronnd  the  base.  These  facts  afforded  confirmatioa  of  the 
statemeot  made  by  the  present  owner  of  the  plantation  npon  which 
these  tnmali  are  located,  that  the  big  inonnd  had  been  bnilt  with  clay 
broaght  firom  the  Carolina  side  of  the  Savannah  Biver.  There  clay 
aboDnda ;  and  we  were  informed  that  in  the  side  of  the  bill  immediately 
opposite,  the  excavations  may  atill  be  seen  whence  the  tongh  material 
was  obiaiaed  for  beapiog  np  this  monod.  This  tamalns  is  one  of  the 
finest  within  the  limits  of  Georgia,  and  shonld  be  classed  with  the 
trnocated  pyramids  on  Tamlin's  plantation  in  the  Etowah  Valley,  with 
the  largest  of  the  East  Macon  monnds,  and  with  that  frnstrnm  of  a  foor- 
sided  pyramid  on  Messier's  place,  in  Early  Gonnty. 


ANCIENT   TUMDLI   ON  THE   OCONEE  BITBB. 

Abont  a  mile  and  a  half  north  of  the  Footenoy  Mills,  in  Greene 
Coanty,  Georgia,  and  located  on  the  left  bank  of  the  Oconee  Biver,  are 
three  tnmali  snrrounded  by  traces  of  extensive  and  long-continued  in- 
hamations.    The  largest  (A)  is  sitnated  rather  more  than  100  yards 
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east  of  the  river,  aiid  rises  abont  40  feet  above  tbe  level  of  the  valley. 
In  )i;eDera1  outline  it  may  be  described  as  a  trancated  coue.  Ita  apex 
diameters,  measured  uortli  and  south,  and  east  and  vest,  were  respect- 
iveiy,  ft5  and  68  feet.  At  tbe  base,  bowever,  tbe  flanks  are  extended  in 
tbe  direction  of  tbe  east  nnd  west  to  sncb  a  degree  that  there  is  a  differ- 
ence of  35  feet  between  the  base-diameters  runniog  north  and  south, 
and  east  and  west;  tbe  former  being  133  feet  and  tbe  latter  168  feeC  At 
the  center  of  the  top  may  be  seen  a  circnlor  depression,  some  20  feet  wide 
and  2  feet  deep.  Toward  the  noriib  tbe  face  of  this  tumulus  is  quite 
precipitous.  When  first  observed  by  the  European,  this  monument 
waa  covered  with  a  growth  of  trees  as  dense  and  apparently  as  old  as 
that  of  tbe  circumjacent  lowlands.  When  tbe  neighboring  fields  were 
cleared,  this  monod  was  also  denuded  of  its  vegetation  and  cultivated, 
its  rich  surface  yielding  generous  harvests  both  of  com  and  cotton. 
Although  now  overgrown  vith  brambles  and  small  trees,  which  materi- 
ally retarded  minate  insi>eotion,  it  appeared  quite  probable  from  the 
scars  on  the  surface  of  the  valley  in  the  immediate  vicinity,  that  some 
severe  freshet  years  ago  impinged  npon  the  northern  base  of  this  mound 
and  carried  away  a  considerable  portion  of  its  northern  fiank. 

Bather  more  than  100  yards  to  the  north  of  this  tumulus,  and  trend- 
ing to  tbe  northwest,  is  an  irregularly  shaped  excavation  (B),  at  present 
from  10  to  15  feet  deep  and  partially  filled  with  water,  from  which  the 
earth  ased  in  the  construction  of  these  tnmnli  was  obtained. 

As  yet  no  attempt  has  been  made  to  open  the  large  mound,  but 
against  its  eastern  face  the  overflowing  waters  of  tbe  Oconee  at  one 
time  dashed,  wearing  it  away  for  some  distance  and  leaving  there  a 
perpendicular  front  of  10  feet  or  more.  Here  were  disclosed  human 
bones,  tbe  skeletons  of  dogs,  and  large  beads  made  of  the  columns  of 
the  Stromlma  gigaa.  If  this  partial  revelation  be  accepted  as  indicative 
of  the  general  contents  of  the  tnmulus,  it  should  be  classed  as  a  huge 
grave-mound.  We  decline,  however,  adopting  this  conclusion  without 
further  information.  It  may  be  that  the  remains  and  relics  then  un- 
earthed belonged  to  later  and  secondary  interments.  Instances  of  this 
sort,  as  we  well  know,  are  of  frequeut  occurrence. 

Two  hundred  yards  to  tbe  south  is  an  elliptical  gravemouud  (G),  not 
more  than  4  feet  high,  but  covering  a  considerable  area.  This  struct- 
ure, in  the  direction  of  its  mi^orasis,  is  abont  150  feet  long.  Its  minor 
axis  is  two-thirds  less.  The  surface  and  neighborhood  abound  with 
human  bones,  sherds  of  pottery,  fragments  of  pipes,  shell-beads,  muscle- 
shells,  and  various  other  relics.  Across  a  shallow  lagoon,  and  250  yards 
southeast  of  the  large  tumulns,  is  a  third  mound  (D),  well  preserved,  10 
feet  high,  and  qnite  level  at  the  top.  In  every  direction,  except  where 
it  looks  toward  the  north,  its  sides  slope  gently.  Having  been  constantly 
cultivated  for  many  years,  this  structure  has  encountered  no  inconsid- 
erable waste.  At  the  base  its  north  and  south  diameter  was  100  feet. 
Measured  at  right  angles,  the  other  diameter  was  88  feet.    Similar  meas- 
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nrements  across  tbe  top  indicated  SO  £eet  and  40  feet.  To  the  east, 
west,  and  soatb,  are  traces  of  spars  or  graded  ways  for  easy  ascent. 

This  moaud  occnpies  a  ueotral  and  commandiog  position  in  tiie  mid- 
dle of  a  fertile  allavial  field  of  fifty  acres.  Althoagh  its  contents  are 
unknown,  we  conceived  the  impression  that  It  was  designed  as  an  eleva> 
tion  for  a  chieftain's  lodge,  since  tbe  Spanish  historians  mentaon  the 
existence  of  artificial  tumuli  erected  for  this  parpose.  Aroond  the  base, 
and  for  a  considerable  distance  on  every  hand,  are  traces  of  primitive 
OGcnpanoy,  all  persuading  ua  of  tbe  fact  that,  in  former  times,  this  tnm- 
ulus  was  sarrounded  by  the  dwellings  if  people  who  had  here  fixed 
their  home. 

The  apace  adjacent  to  the  large  tnmulne  (A),  to  tbe  extent  of  some 
four  acres,  appears  to  have  been  largely,  if  not  exclusively,  dedicated  to 
tbe  purposes  of  sepulture.  Every  freshet  which  sweeps  over  this  area 
uncovers  hnman  skeletons,  disposed  in  every  direction  only  a  few  ftet 
below  the  snrfoce.  So  thoroughly  and  frequently  has  this  territory  been 
torn  by  freshets  that  it  has  lost  its  original  level,  and  now  exhibits  on 
every  hand  heaps  of  broken  pottery,  quantities  of  hnman  bones,  and 
fragments  of  various  articles  of  use,  sport,  and  ornament.  Tbe  freshet 
of  1840  was  tbe  first,  so  far  as  we  can  learn,  which  in  a  marked  manner 
invaded  the  precincts  of  tbis  ancient  burial  ground.  Upon  the  subsi- 
dence of  the  waters  many  were  attracted  to  the  spot  by  the  multitude 
of  terra-cotta  vessels,  human  bones,  shell-beads,  pipes,  discoidal  stones, 
grooved  axes,  celts,  and  other  objects  of  primitive  manufacture.  One 
gentleman  collected  nearly  a  quart  of  pearls  which  had  been  perforated 
and  worn  aa  beads.  The  plantation  negroes  supplied  themselves  with 
clay  pipes  then  unearthed.  In  the  possession  of  not  a  few  of  them  were 
seen  strong  clay  vessels,  thence  obtained,  which  they  used  for  boiling 
soap.  Large  calumets  and  other  objects  of  special  interest  were  seonred 
by  the  curious  and  carried  to  their  homes,  where,  for  a  season,  they 
formed  matter  for  speculation  and  idle  talk,  and  in  tbe  end  were  either 
lost  or  broken.  Subsequent  inundations  have  brought  to  light  similar 
proofh  of  sepulture  and  early  manufacture,  but  this  treasure-bouse  has 
been  so  often  visited  and  so  carefhlly  searched  that  its  present  yield 
fells  far  short  of  that  which  was  encountered  when  the  Harrison  freshet 
invaded  this  place  of  the  dead. 

It  is  a  sad  fact  that  the  deuudation  of  the  banks  of  these  southern 
streams  and  tbe  destruction  of  extensive  forests  in  reducing  wild  lauds 
to  a  state  of  cultivation  have  proved  tbe  proximate  causes  of  serious  in- 
jury to,  and  often  of  the  total  demolition  of,  many  prominent  and  inter- 
esting aboriginal  structures. 

On  the  right  bank  of  the  Oconee  Biver,  about  a  mile  and  a  half  above 
its  conduenoe  with  the  Appalachee  Kiver,  situated  in  the  low  grounds 
of  the  plantation  of  Mr.  Thomas  P,  Baffold,  is  a  circular  earth  mound 
some  20  feet  high,  covering  about  the  eighth  of  an  acre.  The  sides  are 
sloping,  as  in  the  case  of  other  conical  mounds  along  the  line  of  this 
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river,  bat  tlie  peculiarity  which  distingiiiHhes  it  from  its  compaoiotis  is 
that  around  the  apex  stoat  earth  walls  were  raised  to  the  height  of  sev- 
eral feet,  thus  cansiog  a  depressed  or  guarded  top. 

Xear  the  banks  of  the  Appalachee  Hiver,  in  Morgan  County,  may  still 
be  seen  occasional  artificial  pits,  some  i  feet  in  depth  and  6  feet  or  more 
in  diameter.  Upon  removing  the  dSbri$  of  leaves  and  earth  with  which 
they  are  filled,  their  bottoms  and  sides  indicate  the  indnence  of  long- 
continued  and  intense  fires.  Fragments  of  pottery  also  occnr  in  them. 
It  would  seem  that  they  constituted  a  sort  of  rude  oven  in  which  the 
Indians  baked  their  clay  vessels. 

We  might  mnltiply  instances  of  tumuli  still  extant  in  the  valleys  of 
the  Oconee  and  its  tributaries,  but  haringalready  described  and  figured 
those  in  Ilast  Macon  and  its  vicinity,*  enough  has  probably  been  said 
to  convey  an  intelligent  idea  of  the  aboriginal  monuments  of  this  sec- 
tion. 


AVTlQUiriES  or  SPALBIIffi  COPVTT.  eEOBfilA. 

Bi  W.  B.  F.  Bailey,  o/  GHffin,  Go. 

About  three  miles  west  of  Griffin,  in  a  field  known  to  the  inhabitants 
of  this  vicinity  by  the  name  of  Walnut  Level,  is,  from  present  appear- 
ances, a  place  where  once  a  thrifty  Indian  village  was  situated ;  but 
whether  inhabited  by  the  Greek  Indians  or  by  the  more  ancient  mound- 
builders  is  unknown.  This  field  contains,  in  one  place,  a  perfectly  level 
plain  of  four  or  five  acres,  which,  when  first  cleared,  was  a  walnut 
grove,  in  which  the  Indian  village  was  situated.  East  of  the  village, 
and  not  more  than  100  yards  distant,  runs  a  beautiful  little  stream,  now 
known  as  "Wilson's  Mill  Creek."  This  stream  and  the  fertility  of  the 
land  no  doubt  attracted  the  people  of  this  ancient  village.  With  the 
exception  of  broken  pottery  and  a  few  arrow-heads,  no  relics  are  left  to 
mark  this  spot;  though  I  am  told  by  the  old  inhabitants  that  when  the 
field  was  first  cleared  they  would  plow  up  nrns  of  a  curious  shape,  but 
not  deeming  them  of  any  importance  left  them  on  the  ground;  and 
nothing  now  remains  but  a  vast  quantity  of  broken  fragments.  Of  this 
pottery  there  are  thousands  of  pieces,  ranging  in  size  &om  that  of  a 
silver  dime  to  piocea  as  large  as  one's  hand.  I  have  no  doubt  but  that 
a  man  could  gather  five  or  six  bushels  of  fragments  in  one  day.  This 
pottery  Is  of  two  different  styles  of  workmanship,  one  being  plain  and 
the  other  carved  in  the  "cord  fashion,"  These  relics  are  fast  dis- 
appearing, and  in  a  few  more  years  scarcely  anything  will  remain 
except  a  few  arrow-beads.  One  mile  east  of  this  is  a  small  lake,  about 
a  gnarter  of  a  mile  in  length  and  30  feet  wide,  with  an  average  depth 
of  4  feet.  On  the  banks  of  this  lake  and  in  the  surrounding  fields  a 
great  nnmber  of  arrow-heads  are  scattered  around.    The  water  in  the 
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lake  is  fast  failing,  baviog  sunk  aboat  4  feet  in  the  last  ten  years,  and 
ere  long  it,  too,  will  be  anmbered  with  things  of  the  past. 

JadgiDg  from  the  alluvial  deposits  on  its  banks,  this  was,  at  the  time 
when  this  Indian  village  flonrished,  a  great  lake  for  this  part  of  Georgia. 
Fish  of  all  species  common  to  the  coaotry  are  foand  in  great  abandance 
here.  From  the  number  of  relics  fonnd  and  the  great  qaantity  of  fish 
at  present  in  the  lake,  I  have  no  doobt  that  this  place  was  once  their 
favorite  hunting  ground.  About  midway  between  the  lake  and  village 
was  an  earth-work.  I  only  bear  this  &om  others,  as  it  was  plowed  down 
level  with  the  ground  long  before  J  was  bom.  People  who  have  seen  It 
say  that  it  resembled  the  breastworks  of  the  present  day ;  that  it  was 
circular  in  form,  inclosing  about  two  acres,  with  a  base  8  or  10  feet  wide^ 
4  or  5  feet  wide  on  the  top,  and  an  average  height  of  18  inches.  Ihey 
supposed,  and  some  still  think,  that  it  was  made  by  De  Soto,  and  that 
he  had  a  flgbt  with  the  Indians  here ;  others  think  that  it  was  made 
during  the  Eevolotionary  war,  while  I  attribute  the  work  to  a  more 
ancient  age,  namely,  t  he  ''  mound-builders."  If  this  work  was  really 
done  by  the  "  mound-bnilders"  (and  there  can  be  no  donbt  of  it),  it  is  the 
only  trace  left  behind  them  in  this  vicinity.  The  idea  that  De  Soto  or 
any  other  man  had  a  fight  with  the  Indians  at  this  place  is,  to  say  the 
least,  absurd,  for  there  are  no  implements  of  war  found  here  other  than 
the  arrows  used  in  hunting,  whereas  if  a  fight  had  taken  place  between 
Co  Soto  and  the  Indians,  some  kind  of  war  implementa  would  have  been 


SHELL  HEAPS  ON  MOBILE  KITEK. 

By  a.  S.  Gaines  and  E.  H.  CuHNntaHAM,  a/  MtblU,  Ala. 

The  Smithsonian  Institution  has  received  a  very  valuable  collection 
of  shell-heap  relics  from  Simpson  Island,  at  the  month  of  Mobile  Biver. 
Tbey  were  sent  by  Mr.  A.  L.  tiaiaes,  land  commissioner  of  the  Mobile 
and  Ohio  Bailroad,  who  gives  the  diief  credit  for  their  discovery  and 
transmission  to  Mr,  K.  M.  Cunniugham,  Jzom  whom  the  InstitoUoD  has 
received  several  communications,  accompanied  by  sketches  of  the  ^eci- 
mens. 

These  shell-heaps  are  very  numeroos  on  the  banks  of  the  Mobile 
Kiver  at  its  moutb,  especially  upon  Simpson  Island,  which  forma  the 
delta  between  the  month  of  the  Mobile  and  that  of  the  Tensas.  Many 
of  them  are  the  sites  of  market-gardens,  and  the  shells  from  those  most 
accessible  to  the  water  have  been  utilized  in  paving  the  stock-yaids  of 
the  railroads,  and  the  grounds  around  the  cotton  warehouses  in  Mobile. 
The  one  from  which  the  relics  in  question  were  recovered  ia  about  19 
miles  above  Mobile,  on  the  land  of  the  Mobile  and  Ohio  Bulroad,  and 
200  feet  from  the  water's  edge.    The  heaps  are  composed  almost  entirely 
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of  clam-shells,  althongli  a  few  specimens  of  Arm  ijusongrua,  Neritina, 
Melania,  and  Fusus  cinereus  are  met  with. 

Hnman  remains  have  been  foaud  in  great  abnndaDce  even  apon  the 
surface.  Mr.  Caoninghajn  reports  the  discovery  of  portions  of  foarteen 
skeletons.  Of  the  perfect  crania  fonnd,  one  was  very  mnch  distorted, 
the  other  was  slightly  flattened  on  one  side.  Bone  implements  were 
also  recovered,  sharpened  at  the  end  like  a  toothpick.  Bat  the  ^ost 
interesting  part  of  tlie  collection  is  the  pottery,  thousands  of  fragments 
having  been  recovered  on  tliis  single  occasion.  Five  entire  vessels 
were  saved,  and  fragments  of  one  or  two  others  which  can  he  repaired. 
Of  the  entire  vessels,  N'o.  1, 18  inches  wide  and  14  inches  deep,  is  com- 
posed of  coarse  material,  shells  and  clay,  brown  ontside  and  red  inside. 
In  shape  it  is  an  inverted  conoid,  with  perpendicular  rim.  There  is  no 
ornamentation  excepting  a  line  drawn  aronnd  iihe  base  of  the  neck.  It 
contained  human  remains,  and  when  found  was  covered  by  a  flat  dish 
in  the  same  manner  as  the  burial  jars  of  I^icaragua.  Ko.  2  is  a  flat  in- 
verted conoid,  7i  inches  deep  and  18  inches  iu  diameter,  angular  at  the 
widest  part,  and  with  perpendicular  rim.  The  portion  from  the  bulge 
to  the  neck  is  elaborately  ornamented  with  sigmoid  lines  and  dots,  at 
intervals  interrupted  by  figures  which  resemble  a  pair  of  hands  or  feet. 
This  is  a  very  aniqne  specimen  in  smoothness  and  ornamentation.  Sev- 
eral of  the  broken  jars  were  similarly  ornamented.  No.  3  is  similar  in 
shape  and  oniamentatioQ  to  'So.  2,  3  inches  deep  and  6  inches  wide. 
The  rim  was  formerly  furnished  with  knobs  or  handles.  TSo.  4  is  a  plain, 
ronnd-l)0ttomed  cup,  3^  inches  deep  and  1  inches  in  diameter.  No.  5 
resembles  in  shape  an  ordinary  dinner  pot,  6  inches  deep  and  6  inches 
in  diameter.  It  is  to  be  hoped  that  further  researches  will  be  made  in 
this  interesting  locality. 


TKS  STOGKIN-TBASE  OF  AX  ABOBIGINAL  lAPIBABT. 

(Mississippi.) 

BT  CHAJtLES  KAD. 

In  an  essay  entitled  "Ancient  Aboriginal  Trade  in  Korth  America," 
which  was  published  in  the  Smithsonian  Keport  for  the  year  1S72, 1 
attempted  to  trace  the  beginning  of  a  division  of  labor  among  the 
former  inhabitants  of  this  country.  I  expressed  the  opinion  that  certain 
individuals,  who  were,  by  inclination  or  practice,  particularly  qualified 
for  a  distinct  kind  of  manual  labor,  devoted  themselves  principally  or 
entirely  to  that  labor,  basing  my  conjecture  on  the  occurrence  of  maua- 
factnred  articles  of  homogeneous  character  in  mounds  or  in  deposits 
below  the  surface  of  the  soil.  There  is  little  doubt,  for  instance, 
that  there  were  persons  who  devoted  their  time  chiefly  to  the  mannfai^t- 
ure  of  stone  arrow-heads  and  of  other  articles  produced  by  chipping, 
among  which  may  be  mentioned  those  remarkable  large  digging  tools 
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described  by  me  several  years  ago,'  and  tbe  oval  or  leaf-shaped  imple- 
meuts  made  of  the  pecniiar  hornstone  of  "  Flint  Bidge,"  in  Ohio.  These 
latter,  wliich  bear  mnch  resemblance  to  certain  paleeolithio  types  of 
Enrope,  were  first  noticed  by  Mr.  E.  G.  Squier,  who  fonnd,  many  years 
ago,  a  large  deposit  of  them  in  a  low  monod  of  '^  Clark's  Work,"  In  Koss 
Gonoty,  Ohio.  An  excavation,  six  feet  long  and  four  feet  wide,  disclosed 
about  six  handred  specimens,  which  were  standing  edgewise,  forming 
two  layers,  one  immediately  above  the  other.  The  deposit  extended 
beyond  the  limits  of  tbe  excavation  on  every  side,  and  hence  the  actaal 
number  of  specimens  has  not  become  known.f  Since  that  time  deposits 
composed  of  objects  of  corresponding  shapes  and  of  the  same  material 
have  been  discovered,  generally  under  the  ground,  in  Illinois,  Wiscon- 
sin, and  Kentucky;  bat  the  area  of  their  distribntion  maybe  much 
greater.  Dr.  J.  F.  Snyder  has  described  tbe  Illinois  deposits  in  the 
Smithsonian  Keport  for  1876.}  That  of  Beardstown,  in  Cass  County, 
is  of  special  interest.  It  contained  abont  fifteen  handred  leaf-shaped  or 
ronnd  implements,  arranged  in  five  horizontal  layers,  which  were  sepa- 
rated by  thin  strata  of  clay.  According  to  Dr.  Snyder,  another  deposit, 
said  to  have  consisted  of  three  thousand  five  hundred  specimens,  was 
discovered  in  Fredericksville,  Schuyler  Couuty,  in  the  same  State. 
Smaller  sabteiranean  deposits  of  dint  arrow-beads,  cutters,  &c.,  have 
been  met  with  in  various  States  in  the  eastern  half  of  this  continent, 
the  articles  showing  in  many  cases  no  traces  of  use  whatever,  and  gen- 
erally exhibiting  a  symmetrical  order  in  their  arrangement.  Such  facts 
naturally  lead  to  the  supposition  that  flint-chipping  formed  s  special 
profession,  and,  farthermore,  that  tbe  objects  fonud  in  these  hiding- 
places,  or  "caches",  constituted  the  magazines  of  the  aboriginal  crafts- 
men. The  deposit  of  Clark's  Work,  it  should  be  stated,  has  been  thought 
to  owe  its  occurrence  in  a  monnd  of  peculiar  strncture  to  superstitions 
or  religions  motives,  and  thus  to  partake  of  a  sacrificial  character. 
This  view,  however,  whether  correct  or  not,  has  no  bearing  on  the  poiat 
in  question,  namely,  the  prodaction  of  the  chipped  articles  by  way  of 
trade. 

The  carved  stone  pipes,  representing  imitations  of  the  human  bead, 
of  quadrupeds,  birds,  &c.,  wbicb  were  found  in  great  number  by  Messrs. 
Sqaier  and  Davis  in  a  monud  of  the  group  called  "  Monnd  City,"  not 
far  from  Cbillicothe,  Ohio,  illustrate  the  highest  development  of  earlj- 
aboriginal  art  in  this  country.§  Their  production  required  mnch  skill 
and  patient  endurance,  and  hence  we  may  infer  that  the  manufacture  of 
stone  pipes  formed  in  past  times  a  branch  of  industry  which  was  chiefly 
carried  on  by  persons  who  possessed  an  extraordinary  talent  for  this 

■  A  DepoHit  of  AgrioultDtalFIiut  Implements  in  Suatliem  UliuoiB,  SmithaoQiaii  Beport 
for  186^  p.  401. 

tSqnierand  DavlB:  AudentMoDnmentaof  the  MiMlsalppi  Valley,  Washington,  1648, 
p.  158;  repiesentationa  of  theobJ«ct«on  p.  214. 

jDepoaita  of  Fliut  Implements,  p.  433. 

{  Ancient  Moaauienla,  &c.,  p.  243,  &a. 
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peculiar  kind  of  work.  There  are  to  tbis  day  pipe-makers  amoiiff  the 
Ojibway  Indiaas,  and  probably  among  other  tribes. 

Id  corroboration  of  the  foregoing,  I  may  atate  that  certain  handicrafts 
were  practised  to  some  extent  by  the  North  American  Indians  at  the 
time  of  their  first  intercourse  with  the  whites.  "  They  have  some,"  saya 
Boger  Williams,  "who  follow  onely  making  of  Bowes,  some  Arrowes,  some 
Dishes  (and  the  women  make  all  tiieir  Earthen  Vessells),  some  follow  fish- 
ing, some  hunting :  most  on  the  Sea  side  make  Money,  and  Store  up  shells 
in  Sammer  against  Winter  whereof  to  make  their  money."  •  These  re- 
marks, of  course,  relate  to  the  New  England  tribes,  with  whom  Boger 
Williams  nsed  to  associate ;  bat  a  later  writer,  Lawson,  gives  a  similar 
accouut  of  the  Southern  Indians,  among  whom  labor  was  doubtless  still 
more  systematized,  considering  that  tbey  had  attained  a  somewhat 
higher  degree  of  civilization  than  their  Korthem  kinsmen.  It  is  known 
that  until  within  late  years  the  mannfacture  of  arrow-heads  was  prac- 
tised as  a  profession  by  certain  individuals  among  several  Indian  tribes. 

I  will  now  proceed  to  describe  a  deposit  of  aboriginal  manufactares, 
which  illustrates  the  subject  of  division  of  labor  among  the  earlier  in- 
habitants of  this  country  better  than  any  other  discovery  of  kindred 
character  with  which  I  have  become  acquainted. 

In  the  spring  of  1876,  Mr.  T.  J.  H.  Keenan,  of  Brookhaven,  Lincoln 
County,  Mississippi,  presented  to  the  National  Museum  a  collection  of 
jasper  ornaments,  mostly  unfinished,  which  bad  been  found  in  Lawrence 
County,  in  the  same  State,  forming  a  deposit  of  a  very  remarkable 
Character.  Being  desirous  of  learning  the  particulars  of  this  discovery, 
I  addressed  a  letter  to  Mr.  Keenan,  and  obtained  from  him  the  desired 
information.  The  deposit  was  accidentally  discovered  on  the  ferm  of 
Anthony  Hntchlus,  situated  on  the  east  side  of  Silver  Creek,  about  one 
mile  distant  from  Hebron  church,  in  the  northeastern  part  of  the  above- 
named  county.  While  Mr.  Huchins's  eon  was  engaged  one  day  in  July, 
1875,  in  ploughing  a  cotton-field,  entirely  free  from  pebbles  and  stones  of 
any  kind,  a  grating  of  the  ploughshare  attracted  his  attention,  and  npon 
examination  he  found  that  he  had  struck  the  deposit,  which  appeared 
originally  to  have  been  buried  two  feet  and  a  half  below  the  surface, 
filling  an  excavation  of  about  eighteen  inches  in  diameter.  The 
arrangement  of  the  articles  constituting  this  deposit  will  be  described 
■hereafter.  They  all  consist  of  jasper  of  a  red  or  reddish  color,  which  is 
sometimes  variegated  with  spots  or  streaks  of  a  pale  yellow.  But  few 
of  these  objects,  which  were  undoubtedly  designed  for  ornament,  may 
be  considered  as  entirely  finished. 

The  following  is  an  inventory  of  the  specimens  sent  to  the  National 
Museum  by  Mr.  Keenan : 

1.  Twenty-two  pebbles  of  jasper,  showing  no  work  whatever.  They 
are  irregular  in  shape  and  mostly  small,  being  from  half  an  inch  to  an 
mch  and  one-fourth  in  size. 

*  A  Kef  into  the  Laugaage  of  Amerioa  (IiOQdon,  1643) ;  PioTidaDoe,  1BS7 ;  p.  133. 
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2.  Twelve  radimeotary  omameats  of  differeDt  forms,  lirongbt  into 
sbape  by  cbipping. 

3.  Tbree  polisbed  pieces  wil;b  narrow  grooves,  sIiowiDg  that  cottiug 
was  also  lesorted  to  ia  the  manufacbare  of  the  objects. 

4.  Two  bandied  and  ninety-five  beads  of  more  or  less  elongated  cylin- 
drical shape,  measuring  from  one-foorth  of  an  inch  to  three  inches  in 
length,  and  from  one-fonrth  of  an  ioch  to  one  inch  in  thickness. 
Thongb  they  are  poliahed,  they  exhibit  bat  rarely  a  perfectly  regnlai 
cylinder  form.  Ten  of  them  show  the  beginnings  of  holes,  in  most  cases 
at  one  end. 

5.  One  hundred  aod  one  round  beads  of  a  more  compressed  or  dis- 
coidal  shape.  They  are  from  one-eighth  to  five-eighths  of  an  Inch  long, 
while  their  diameters  vary  from  one-fonrth  to  three-fonrths  of  an  incb. 
They  are  polished,  and  only  five  of  the  nnmber  exhibit  incipient  boles. 

6.  Nine  polished  ornameuts  of  elongated  fiattisb  shape,  showing  an 
expansioD  on  each  side  (like  Fig.  10).  They  measure  from  an  incb  and 
ODe-fourth  to  two  inches  and  one-fourth  in  length,  and  from  Ibree- 
fonrtbs  of  an  incb  to  an  inch  and  one-fourth  in  width  across  the  middle. 
One  specimen  is  partly  drilled. 

7.  Two  specimens  of  similar  character,  but  expandiog  on  one  side 
only  (Fig.  11).  They  are  from  an  inch  iind  a  half  to  two  inches  in 
length  and  seven-eighths  of  an  inch  wide  across  the  middle. 

8.  One  large  ornament  showing  two  expansions  on  each  side  (Fig,  12). 
A  more  minnte  description  will  follow. 

9.  Two  small  animal-sbaped  objects.  They  are  about  an  incb  long 
and  well  polished. 

10.  Two  eemicircnlar  polished  pieces,  probably  designed  to  be  worked 
into  the  shapes  of  animals. 

There  are  four  hundred  and  forty-nine  pieces  in  all.  Mr.  Keenan  has 
kept  for  himself  sixteen  specimens,  and  foar  bad  been  disposed  of  be- 
fore be  became  the  owner  of  the  collection.  One  of  the  latter  was  drilled 
entirely  through.  Hence  the  entire  deposit  consisted  of  four  hundred 
and  sixty-nine  objects. 

From  the  character  of  the  inventory  just  given  several  inferences  may 
be  drawn. 

There  can  hardly  be  any  doabt  that  the  deposit  constitnted  the  stock- 
in-trade  of  some  aboriginal  mauufocturer  of  ornaments  of  Jasper,  which 
he  made  from  pebbles  of  that  material.*  He  shaped  them  by  the  oper- 
ation of  chipping  before  he  proceeded  to  grinding,  and  he  likewise  ap- 
plied the  method  of  cutting  in  the  manufacture  of  the  articles.  The  cut- 
ting, however,  was  done  after  the  piece  had  been  reduced  to  a  certain 
shape  by  grinding.  The  drilling  of  the  beads  and  bead-like  ornaments 
was  the  final  process  in  their  fabrication.    This  fact  affords  an  additional 

"According  to  Mr.  Keenas'e  eipresH  statement,  nojasper  pebbles  ooonr  in  theneigb- 
borfaood  of  the  place  vrhere  the  otriaaieDts  irere  entombed.  They  must  have  been 
broogbt  from  a  dlBtance. 
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proof  that  in  this  conotry  stoue  objects  reqairiDg  perforatious  were 
bronght  into  perfect  sbape  before  the  drilling  vas  commenced.  The 
same  rule  prevailed  io  Europe,  as  every  one  Imows  who  has  studied 
the  stone  antiqnitied  of  that  part  of  the  world. 


The  accompanying  illustrations  represent,  in  full  size,  typical  speci- 
mens of  the  different  classes  of  wrougtit  articles  composing  the  deposit. 

Fig.  1. — A  jasper  pebble,  chipped  into  the  form  of  a  cylindrical  bead. 
The  smooth  surface  of  the  pebble  has  not  entirely  disappeared. 

Fig.  2. — A  long,  comparatively  slender  piece,  designed  for  a  bead.  It 
shows  the  chipping  very  distinctly,  though  the  sharp  edges  have  been 
removed  by  grinding. 
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J<^g.  3. — Polished  cylindrical*  bead  (andrilled). 

Fig.  4.— Very  regular  and  well  polished  cylindrical  bead  of  a  fioe  red 
color  (undrilled). 

Fig.  5. — Long  and  Blender  bead,  apparently  not  entirely  ground  into 
Bbape  (undrilled). 

Fig.  6. — Large  cylindrical  bead,  which  exhibits  a  rather  rough  sur- 
face, the  traces  of  chipping  not  having  been  entirely  remored  by  the 
grinding  process  (andrilled). 

Fig.  7.— Small  cylindrical  bead,  polished,  but  not  regular  in  shape, 
and  sbowipg  at  one  end  the  beginning  of  a  hole,  which  forms  a  cylin- 
drical cavity  nearly  three  millimeters  in  diameter  and  two  millimeters 
in  depth. 

Fig.  8.~-Poli8hed  bead  of  discoidal  shape,  with  incipient  holes  at  both 
ends.  One  of  the  boles  is  merely  indicated  by  a  small  depressiou ;  the 
other  forms  a  oup-like  cavity  of  two  and  a  half  millimeters  diameter  and 
two  millimeters'depth. 

Fig.  9. — Ornament  of  elongated  flattisb  shape,  with  an  expansion  on 
each  side.  It  is  unfinished,  having  been  brought  into  shape  by  chip- 
ping alone. 

Fig.  10. — Object  of  the  same  form  ;  well  polished,  but  not  absolutely 
regular  in  ontliue.  There  can  be  no  doubt  that  the  ornaments  of  this  de- 
scription were  intended  to  be  drilled  in  the  direction  of  the  longitudinal 
axis.  A  broken  specimen  of  the  collection  shows  the  commencemeuts 
of  holes  at  both  extremities. 

Fig.  11. — Polished  ornament  of  similar  character,  exhibiting  an  ex- 
pansion or  projection  only  on  one  side  (undrilled). 

Fig.  12.— Large  polished  ornament  of  elongated  flattisb  form,  with 
two  expansions  on  each  side.  The  object  is  irregular  in  outline,  the  ex- 
pansions being  larger  at  one  extremity  than  at  the  other.  It  is  three- 
fourths  of  an  inch  thick  in  the  middle.  A  longitudinal  perforation  was 
doubtless  intended. 

Fig.  13. — A  small,  dattish,  bird-shaped  object,  made  of  beautiful 
cherry-red  jasper,  and  well  polished.  The  wings  are  indicated  on  both 
sides  by  slight  grooves. 

Fig.  14. — A  similar  polished  object  of  dark-red  jasper,  in  which  the 
bird  form  is  less  distinctly  expressed.  Indeed,  the  maker  may  have  pur- 
posed to  represent  some  quadruped.  It  would  be  unprofitable  to  gpee- 
nlate  on  the  nse  of  these  two  carvings.  They  probably  were  merely  toys, 
though  it  is  not  impossible  that  they  had  a  totemic  significance,  or  were 
designed  to  serve  as  charms.  Tbey  could  not  well  be  worn  about  the 
person,  and  I  doubt  whether  it  was  intended  to  perforate  them. 

Fig.  15. — A  polished  semicircular  piece,  perhaps  designed  to  be 
worked  into  the  shape  of  a  bird ;  its  size  is  exactly  the  same  as  that  of 
the  original  of  Pig.  13. 

*  Id  this  descrlplion  of  omBmentH  the  term  "  cyliodrical "  maat  not  be  taken  in  n 
tnatliematical  eense,  aa  I  merely  intend  to  indicate  b;  it  an  approximate  lesemblance 
to  A  cylinder. 
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Fig.  16. — A  polished  piece,  of  a  compressed  oval  shape,  shoiring  two 
parallel  iDCisions  in  the  direction  of  the  minor  axis.  They  were  evidently 
made  with  a  sharp  flint  tool.  It  is  probable  that  this  specimen  illas- 
trates  a  stage  id  the  manafactare  of  a  small  animal-shaped  trinket,  like 
those  already  described,  the  piece  being  almost  too  flat  to  be  made  into 
aJtead  of  cylindrical  form, 

9  11 
10 


JiBpBT  ornamanta  from  MlasUtippi  (J). 

It  DOW  remains  to  be  stated  in  what  manner  the  objects  forming  the 
deposit  were  arranged.  The  large  piece,  represented  by  Fig.  12,  lay  flat 
on  the  bottom  of  the  hole ;  the  long  and  massive  cylindrical  beads  were 
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placed  on  end,  on  and  aroand  it,  as  closely  aa  poeaible,  and  the  smaller 
objects  vere  spread  over  tliem  in  a  rathei  promiscuons  way. 

The  owner  of  the  articles  here  described,  we  may  suppose,  had  no  in- 
tentioD  of  leaving  them  buried  In  the  groaud ;  he  would  some  day  bave 
recovered  them,  had  circumstances  permitted,  Boath,  captivity,  or  re- 
moval to  another  part  of  the  coantry,  from  which  he  never  returned,  may 
have  frustrated  his  design.  The  deposit  in  question  sbared  the  fate  of 
many  others  which  have  been  preserved  to  our  time,  in  order  to  ndd, 
as  it  were,  to  onr  knowledge  of  the  former  oconpants  of  this  country. 

It  wonld  be  a  vain  endeavor  to  offer  any  conjecture  as  to  the  age 
of  the  deposit.  The  objects  appear  absolutely  fresh,  not  showing  the 
slightest  alteration  of  the  surface.  Jasper,  however,  iy  a  very  bard  sub- 
statice,  capable  of  resisting  the  influences  of  exposure  for  ages.  On  the 
other  hand,  there  is  nothing  that  would  militate  against  a  comparatively 
recent,  though  pre-Oolombian,  origin  of  the  deposit. 

It  mnst  bave  been  a  very  difficult  task  to  work  a  stone  as  hard  as 
jasper  without  the  proper  appliances,  and  we  cannot  but  admire  the 
skill,  and,  above  all,  the  patience  of  the  artist  or  artists  who  fashioned 
the  ornaments  ftom  sncb  an  obdurate  material.  Yet  it  is  known  that 
even  at  the  present  time  mineral  substances  of  equal  hardness  are 
shaped  and  perforated  in  the  most  primitive  manner  by  tribes  occupy- 
ing a  very  low  position  in  other  respects.  The  execution  of  such  work 
is  but  a  trial  of  endurance,  a  quality  displayed  in  an  eminent  degree  by 
uncivilized  man  when  his  mind  is  bent  upon  a  definite  jiurpose. 


OBSEKVATXaNS  OX  1  OOID  OBNAMBIfT  FROM  A  HOUIfD  IN  FLOSIDA. 

By  COAItl^S  RiV. 

In  December,  1877,  Mr.  Damon  G-reenleaf,  of  JacksonvUle,  Florida,  sent 
for  examination  to  the-N'ational  Museum  a  curious  relic  of  gold,  lately 
discovered  in  a  mound  in  Manatee  Connty,  Southern  Florida,  with  a 
request  for  information  as  to  its  probable  origin  and  use. 

The  accompanying  illustration  represents  the  object  in  question  re- 
duced to  one-half  of  its  natural  size,  the  original  measuring  exactly  nine 
inches  from  the  point  to  the  middle  of  the  opposite  curve.  It  is  cut  firom 
a  flat  piece  of  gold  plate,  not  quite  a  millimeter  in  thickness,  and  some- 
what thinner  toward  the  edge.  The  specimen  is  broken  in  two  pieces, 
as  indicated  by  the  dotted  lino  in  the  figure;  but  the  two  parts  fit  well 
together,  and  thus  the  original  character  of  the  object  remains  unal- 
tered. On  the  whole,  it  is  in  a  good  state  of  preservation,  though  the 
effects  of  long  exposure  are  plainly  visible.  Both  faces  appear  bright 
and  smooth,  and  the  engraved  lines,  which  represent  exactly  the  same 
pattern  on  both  sides,  seem  to  be  as  fresh  as  on  the  day  when  they 
were  traced. 

Little  need  be  said  concerning  the  shape  of  the  ornament,  consideriDg 
that  all  its  features  are  distinctly  expressed  in  the  cut.    The  maker 
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evidently  intended  to  represent  a  bird's  head,  the  neck  of  which  forms 
a  blade-like  proloipgatioa,  and  the  grotesQae  execution  clearly  illustrates 


Gold  oiuament  f^om  &  monnd  in  Florida,  and  Leadof  tbeivorj-billed  woodpecker,  (i). 
the  cnrions  taste  characterizing  the  ornamental  work  of  the  2Torth 
American  Indian.  It  never  would  occur  to  a  person  of  Cancaslan  origin 
to  represent  a  bird's  head  in  the  peculiar  manner  here  exhibited.  The 
eye  of  the  bird,  it  should  be  stated,  has  been  formed  with  great  regu- 
larity by  the  process  of  punching  from  the  under  side,  and  perfectly 
resembles  in  size  and  convesity  the  bead  of  a  common  brass  tack. 
However  clumsy  the  design  of  the  object  may  appear  to  a  common 
observer,  the  ornithologists  of  the  National  Museum  have  discovered 
the  prototype  that  was  before  the  aboriginal  artist's  mind.  The  tmn- 
cated  bill  and  recurved  crest  leave  no  doubt  that  he  intended  to  repre- 
sent the  ivory-billed  woodpecker  {Picus  prindpaUs,  Linn. ;  Campephilus 
principalis.  Gray),  a  bird  quite  frequent  in  Southern  Florida,  but  not 
found  at  any  great  distance  from  the  Gulf  of  Mexico.  To  facilitate 
comparison,  a  half-size  sketch  of  the  head  of  the  ivory-billed  wood- 
pecker is  placed  in  jnstaposition  with  the  cut  representing  the  aborig- 
inal relic. 

The  composition  of  the  gold  plate  from  which  the  specimen  is  made 
indicates  its  post-Columbian  origin.  Having  been  forwarded,  through 
the  courtesy  of  Mr.  E.  B.  Elliott,  chief  clerk  of  the  Bureau  of  Statistics, 
to  the  Mint  at  Philadelphia,  for  the  purpose  of  ascertaining  its  weight 
and  composition  or  fineness,  it  was  found  to  weigh  1.53  ounces  (troy), 
and  to  consist  exclusively  of  gold  and  silver,  in  the  proportion  of  893 
parts  of  gold  to  107  parts  of  silver.  Consequently,  the  amount  of  gold 
therein  contained  is  1.366  ounces,  and  of  silver  0.164  ounce  (troy). 
The  metal  value  of  the  relic  is  twenty-eight  dollars  and  forty-flve  cents. 
According  to  Mr.  Elliott's  statement,  its  composition  corresponds  almost 
exactly  with  that  of  the  "ounce"  of  gold  or  quadruple  of  Spain  bearing 
the  date  of  1772;  and  this  circumstance  is  not  without  significance,  in 
so  far  as  it  seems  to  point  to  the  source  from  which  the  material  of  the 
figure  was  derived.    It  may  have  been  given  by  Spaniards  to  some 
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iDdian,  wbo  fasbioDed  it,  according  to  his  taste,  to  serve  as  a  totemic 
emblem  or  ornament,  perbapB  designed  to  form  a  part  of  tbe  bead- 
dress  ;  for,  tbongh  a  small  elongated  apertare  is  formed  by  the  ianet 
carve  of  the  bird's  neck,  I  hardly  deem  it  likely  that  the  object  was 
intended  for  saspension.  The  Florida  Indians,  it  is  well  known,  piud 
particular  attention  to  the  decoration  of  tbeir  heads,  and  hence  It  is 
not  an  improbable  conjecture  tiiat  it  once  embellished  the  crown  of 
some  chief  or  brave  while  living,  and  was  afterward  placed  in  his  grave, 
in  accordance  with  aboriginal  custom. 

Whether  the  flgnre  was  broaght  into  shape  by  hammering  a  large 
gold  coin  or  a  bar  of  gold,  or  was  made  from  a  piece  of  sheet  gold,  can- 
not now  be  decided.  The  surfaces  certainly  look  as  tbongh  they  had  • 
nndergone  the  process  of  beating ;  bat  it  is  just  as  likely  that  the  orna- 
ment was  made  from  a  piece  of  gold  plate  furnished  by  whites.  That 
the  Indians  were  skillful  in  working  metal  in  a  cold  state  ia  shown  by 
the  implements  and  ornaments  of  copper  found  in  various  parts  of  tbe 
United  States,  more  especially  in  the  neighborhood  of  Lake  Saperior, 
where  tbeir  supplies  of  native  copper  were  chiefly  obtained.  Even 
modern  Indians  practise  the  art  of  working  sliver  dollars,  beating  and 
cutting  them  into  tasteful  gorgets,  ear-rings,  and  other  objects  of  per- 
sonal adornment.  On  the  other  band,  there  is  no  gronud  whatever 
for  supposing  that  tbe  Indians  north  of  Mexico  possessed  the  skill  of 
casting  gold,  and  far  lees  of  producing  an  alloy  like  that  of  which  the 
Florida  ornament  is  composed. 

While  I  am  of  opinion  that  the  material  of  the  relic  was  obtained  from 
whites,  I  ascribe  (as  stated)  the  work  itself— that  is,  the  catting  oat  of 
the  figure  and  the  tracing  of  the  lines — to  the  agency  of  an  aboriginal 
artist.  The  ornamental  lines,  though  incised  with  a  steady  hand,  are 
not  aniform  in  width,  and  in  some  places  the  tracing  forms  a  doable 
line,  as  tboagh  the  implement  used  in  liea  of  a  graver  bad  not  been  pro- 
vided with  a  sharp  point.  A  knife  which  has  lost  its  extreme  point 
would  produce  sach  lines;  perhaps  also  a  pointed  flint.  The  latter 
alternative,  however,  is  hardly  admissible,  considering  that  at  the  time 
when  the  object  was  made,  implements  of  such  primitive  character  prob- 
ably had  been  superseded  by  more  efficient  instruments  of  Iron  or  steel. 
Tbe  North  American  Indians,  like  other  savages,  were  not  slow  in  recog- 
nizing the  saperiority  of  the  white  man's  tools,  and  adopted  them  with- 
out hesitation. 

Though  it  would  be  hazardous  to  pronounce  a  definite  opinion  con- 
cerning the  age  of  the  relic,  it  may  be  assamed  that  it  is  not  very  old. 
Its  origin  may  not  date  back  more  than  a  centnry.  It  was  perhaps 
made  duriug  the  second  period  of  Spanish  supremacy  in  Florida,  which 
lasted  from  1780  to  1821,  when  the  province  was  ceded  to  the  United 
States.  The  ornament  was  taken  from  the  centre  of  tbe  mound,  and 
doubtless  formed  a  part  of  a  primary  burial.  This  fact  affords  an  addi- 
tional evidence  that  mound-building  was  continued  in  this  country  after 
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itB  occapation  by  Europeans.  "I'he  man  who  dug  it  oat,"  says  Mr. 
Greenleaf,  "had  no  idea  that  it  was  gold.  He  had  been  digging  all 
day,  and  was  just  giving  up  the  work,  when,  with  a  final  desperate 
blow,  be  struck,  broke,  and  brought  to  light  the  gold  oroatuect.  He 
then  explored  the  rest  of  the  mound  carefully,  but  found  nothing  but 
fragments  of  pottery  and  crumbling  bones." 

Purely  aboriginal  relics  of  gold  appear  to  be  extremely  rare  in  this 
coantry.  According  to  Colonel  Charles  C.  Jones,  Indian  beads  composed 
of  that  metal  have  been  met  with  in  Georgia.  He  says :  "  Gold  beads — 
evidently  not  European  in  their  manufacture — have  been  found  in  the 
Etowah  Valley,  in  the  vicinity  of  the  large  mounds  on  Colonel  Tumlin's 
plantation.'"  This  statement  is  corroborated  by  Mr.  M.  F.  Stephenson 
in  an  article  on  ancient  mounds  in  Georgia,  which  was  published  in  the 
Smithsonian  Eeport  for  1870.  I  am  not  aware  that  Indian  relics  of  gold 
have  been  found  iu  Florida  in  modern  timea ;  but  mention  is  made  of  a 
small  gold  bell  obtained  in  1527  by  the  party  of  the  unfortunate  Fam- 
philo  de  Narvaez,  immediately  after  his  landing  in  Florida.  It  was 
discovered  in  one  of  the  large  houses  (iukios),  which  the  natives  had 
deserted  upon  the  approach  of  the  Spaniards.! 

We  learn  from  the  old  accounts  relating  to  the  discovery  and  coloni- 
zation of  the  large  tract  of  land  formerly  called  Florida  that  the  abo- 
riginal inhabitants  were  cognizant  of  the  occnrrence  of  gold  in  their  dis- 
tricta.  The  grains  of  gold  which  the  early  Spanish  visitors  saw  in  the 
possession  of  the  Floridians  excited  their  cupidity,  and  inspired  them 
with  the  hope  of  finding  a  second  Mexico  or  Fern  in  the  more  northern 
portion  of  the  new  continent.  Upon  asking  the  Indiana  where  the 
precious  metal  had  been  obtained,  they  were  referred  to  the  "Apalatcy" 
Mountains,  in  the  north,  ftom  which  rivers  carrying  particles  of  gold, 
silver,  and  copper  were  flowing.  The  Indian  method  of  collecting  tiiese 
metallic  grains  is  represented  on  plate  41,  vol.  ii,  of  De  Bry's  Peregri- 
nationei  (Frankfort  on  the  Main,  1591),  where  the  natives  are  pietared 
as  using  long  tubes  for  this  purpose.  Jacques  Le  Moyne  de  Morgnes, 
the  artist  of  Laudonni&re's  expedition,  to  which  the  volume  relates, 
probably  drew  the  sketch  from  imagination,  or  according  to  what  he 
had  heard  from  the  Indians,  who  were  never  noted  for  their  veracity. 
The  short  Latin  description  accompanying  the  sketch  closes  with  the 
statement  that  the  Spaniards  knew  how  to  apply  these  treasures  to  their 
own  nse.  Indeed,  traces  of  mining  operations  which  are  ascribed  to 
the  Spaniards  have  been  found  iu  the  gold  district  of  Georgia.  It 
would  be  foreign  to  my  pnrpose  to  enlarge  on  this  subject ;  but  I  will 
refer  to  two  articles  by  Dr.  D.  G.  Brinton,  which  treat  of  this  early 

*  Antiquities  of  the  Soothem  ladians.    New  York,  1673,  p.  48. 

t "  Va  de  cea  bnhlos  titait  el  grand,  qa'U  poovait  contenlr  plna  de  tioia  centa  peiaoD-. 
nw :  les  anties  6t»\nai  moina  vaatea ;  dods  j  trouT&mea  nae  cloohetta  en  or  parmi  des 
fllets." — Btlalion  el  Navfrageid'AlviirNunaiCabtgade  Vaoa.  Paris,  1837,  p.  24.  (Tot- 
oans-Compana  Collection.)  The  Spaniah  original  waa  pnbliahed  in  the  fear  1555  at 
Valladolid. 
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mining :  ooe  foims  the  tbird  appendix  to  bia  excellent  little  vork  en- 
titled Notes  on  the  Floridian  Peninsula;  the  other  is  pablisbed  in  the 
Historical  Magazine,  vol.  x  (1866),  p.  137,  imder  the  title  "Early  Spanish 
Mining  in  Northern  Georgia."  Additional  information  on  the  sntgect 
is  to  be  found  in  Colonel  Jones's  work,  to  which  I  have  referred  on  the 
preceding  page. 
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TbiB  bead  [Fig.  1),  now  in  the  United  States  Kational  Mnsenm,  is  of 
a  kind  known  to  archeeology  as  the  star  pattern,  becanse  the  white  be- 
tween the  exterior  bine  and  inner  red  forms  a  terminal  star  or  zigzag 
band  when  the  original  cylinder  is  gronnd  into  an  oval  so  as  to  expose 
the  interior  colors.  Examples  occnr  of  vanoaa  sizes  ftom  aboat  two 
inches  In  length  and  one  and  a  half  in  diameter  to  about  one-foarth 
of  an  inch  in  size,  the  latter  being  spheric  or  oblate  and  as  distinctly 

Fig.  1. 


colored  as  the  large  ones.  There  is  a  specimen  about  an  inch  and  a 
half  long  in  the  ancient  Egyptian  department  of  the  Louvre  (hor- 
izontal case  Q),  and,  according  to  my  recollection,  a  specimen  from 
Dakkeh  (Nabia)  in  the  British  Museum  (horizontal  case  E,  No.  6291 
d)  is  larger.  The  Blade  collection  in  the  British  Museum  contains 
two  of  the  same  character.*  A  large  one  found  in  England  with 
Samiui  onps  and  Boman  buckles  is  figured  in  the  Proceed.  Brit.  Arch- 
feol.  Assoc.  1848,  vol.  3,  p.  328;  Fanssettt  figures  an  example  from 
Oilton,  England ;  and  another  is  described  in  the  Archsologia  (1851, 
vol.  35,  pi.  5,  fig.  10),  the  locality  nnknown,  but  Mr.  B.  Kigbtingale  says 
examples  occnr  along  the  Bhine  and  are  to  be  seen  in  the  museams  of 
Mannheim  and  Baden.  Mr.  Morlot,  of  Lausanne,  gives  colored  figures 
of  two  examples  in  the  mnsenm  at  Copenhagen.}  That  of  fig.  1  was  said 
to  have  been  found  near  Stockholm,  the  other  in  an  antique  grave  in 

*  Catologae  of  the  coUeotioii  of  glass  formed  bjr  Felix  Blade,  esq.,  F.  8.  A.,  with  notes 
on  the  tlBtoi7  of  Klaaa-iniAiDg,  by  Alexander  Neebitt,  esq.,  1671,  p.  10,  fig.  St. 

t  iDTentorlnm  Sepnlobrale,  1866,  pL  5,  fig.  3. 

t  Proceed.  Am.  Philoaoph.  Soc.,  Nov.,  1S63,  p.  111-114  and  119-130. 
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Denmark.  He  also  copies  (fig.  3)  one  of  Schoolcraft's  flgnres  of  a  smaller 
cylindric  bead  from  the  ossuaries  at  Beverly,  Gaoada.  Somewhat 
similar  to  the  Stockholm  specimcD  is  a  bead  io  the  National  Mu- 
eenm  (Fig.  2)  firom  Santa  Barbara,  Cal.,  in  which  the  exterior  bine  is 

Fig.  2. 


minntely  and  thickly  speckled  with  yellowish  points.  The  same  collec- 
tion has  examples  of  the  small  spherical  kind  f^m  graves  at  Lima,  K.  Y. ; 
and  I  have  a  specimen  fonnd  on  (be  Snsqnebanna,  with  other  remains, 
in  digging  the  Pennsylvania  canal,  aboat  the  year  1S30.* 

The  exterior  bine  is  nsnally  more  or  less  clearly  striped  with  a  lighter 
tint,  owing  to  the  ridges  of  the  interior  white  sliining  through.  Id  all 
the  specimens,  and  in  such  as  I  hare  seen  in  Europe,  the  order  of  the 
«olors  toward  the  interior  is  blne-white-red-white,  with  an  additional 
-central  color  in  some  of  the  larger  ones,  that  of  the  large  Louvre  ex- 
ample being  dark  bine.  This  order  is  present  in  modern  Venetian  beads, 
of  which  I  have  examples  much  like  that  of  Santa  Baibara,  Cal.,  and 
in  those  ftom  Kew  York  and  the  Susquehanna,  bat  the  last  two  are 
more  neatly  made,  the  white,  wavy  band  in  the  Susgnehanna  specimen 
being  very  slender,  delicate,  and  regular.  The  external  tint  of  the  mod- 
-eni  Venetian  cylindric  beads  is  bine,  green,  red,  or  longitudinally  striped 
with  several  colors,  and  the  Louvre  has  bine  and  also  green  ancient 
Egyptian  specimens. 

Mr.  Morlot's  paper  is  intended  to  abow  that  the  Northmen  received 
these  beads  from  the  Phceniciana  and  carried  them  to  America,  a  view 
which  is  opposed  by  Mr.  A.  W.  Franks,  F,  S.  A.,  of  the  British  Musenm, 
who  thinks  that  theBeverly  specimen  figured  by  Schoolcraft  is  Venetian 
of  the  fifteenth  or  sixteenth  century ,t  a  view  which  is  probably  correct 
for  all  the  North  American  examples.  Of  these,  the  New  York  speci- 
mens show  signs  of  oxidation,  while  that  from  the  Susquehanna  is  un- 
tarnished. 

■  Proceed.  Am.  Phil.  Soc.,  May,  1^60,  voL  11,  p.  369.  Mr.  Thoa.  Muteraou,  of  Colnm- 
1>ift,  Pik,  has  added  io  my  cabinet  a  fine  specimen,  but  little  tamiidied,  from  a  grave  in 
Tioga  Coanty,  Fa.,  and  he  has  the  longitadiual  half  of  another,  1(  inch  long  and  l^V 
in  diameter,  fonnd  at  Tnrky  Hlli,  below  Columbia,  Fa. 

IProoeedingsof  the  Society  of  Antiquaries,  Jannary  28,  1864.  Lubbock,  Pteblstoric 
Timea,  ch.  3.  I  am  indebted  to  the  kindneas  of  Mr.  Franks  for  valuable  ancient  and 
modetn  additions  to  my  cabinet  of  beads. 
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And  yet,  the  manafactare  of  the  star  pattero  and  other  kinds  of  beads 
in  glass  and  enamel,  with  varicolored  spot-s  and  circles,  is  of  great  an- 
tiquity. The  art  seems  never  to  have  been  lost,  and  in  later  times  to 
have  been  chiefly  cultivated  at  Venice,  where  more  than  five  bandred 
varieties  are  made.  A  local  historian,  Mr.  Samnel  Evans,  of  Golnmbia, 
Pa.,  says  the  natives  along  the  Susquehanna  traded  with  the  French  for 
fire-arms  before  1606,  and  he  mentions  a  trading-post  at  the  mouth  of 
the  river,  established  in  1631  by  a  person  named  Claibonrne.*  Charles 
0.  Jones  t  mentions  that  De  Soto  found  European  beads  in  possession 
of  the  natives  as  early  as  1S40,  and  they  seem  to  have  been  valuable 
articles  of  trade  at  various  periods  and  among  many  nations.  They  are 
abundant  in  European  moands,  where  they  occur  iu  various  shapes  and 
variegations  of  color,  as  may  be  observed  in  works  devoted  to  antiqui- 
ties.) The  magnificent  Cesnola  collection  in  ISew  York  has  varicolored 
examples  from  Cyprus.  The  Kertch  example  (Archicologia,  31,  pi.  5,  f. 
20}  is  bln^  with  white  circles.  The  same  tints  occur  on  Egyptian  beads 
in  the  Loavre,  and  on  Fhoenico-Greek  specimens  in  the  Liverpool  Mu- 
seum. The  British  Mosenm  has  beads  from  Tyre  of  a  dark  ground,  some 
with  white  circles,  others  with  transverse  zigzag  bands. 

A  Venetian  bead  known  as  "  comallne  d' Aleppo  "  is  widely  spread. 
It  is  red,  with  a  white  or  yellowish  center,  and  when  strung  or  worked 
into  ornaments  the  white  is  scarcely  apparent,  so  that  it  might  be  sup- 
posed that  redheads  would  answer  as  well.  Possibly  they  are  more  pleas- 
ing to  the  eye  when  sold  in  bulk.  I  have  specimens  of  it  from  Abyssinia, 
Algeria,  in  native  work  of  Demerara,  iu  a  medicine-bag  probably  from 
the  Bocky  Mountains,  in  moccasins  of  the  kind  made  by  the  Indians  of 
Kew  York  and  Canada,  and  Mr.  W.  H.  Holmes  of  the  Ilayden  expedi- 
tion picked  up  a  specimen  near  the  trail  in  the  vicinity  of  the  ancient 
ruins  of  tbe  Kio  Mancos,  in  Southwest  Colorado.  Mr.  Holmes  also  found 
a  small  elliptic  white  enamel  bead  among  the  debris  of  the  ruins,  but 

*  Lanoaater,  Pa,,  Ezpieea,  March  8, 1876. 

1  Autiquities  of  the  Sonthem  lodians,  1873,  pp.  335-337,  530. 

t  Archffiologia,  1851,  vol.  M,  onto  p.  117,  and  pi.  5,  including  a  Sabine  eiample  (f.  27), 
two  from  Eertcb  (f.  20,  31),  and  three  from  Egypt.  All  theae  are  varloolored.  The 
apherio  and  aaloate  formB,  figa.  8, 13, 15,  known  as  "Dmld'a  beads,"  oocni  In  'Egypt, 
and  ore  represented  iu  a  large  and  varied  collection  of  anciont  Etmsoan  opeoimens 
wliicb  J  owe  to  the  liberality  of  tbe  distinguished  arcbmologiBt,  Bignor  Aleaatuidro 
Caatellani.  Among  its  representatives  of  the  plate  referred  to  aie  &g.  SO  (Eertoh),  23 
(cylindrio,  Nabia),  25  (triangnlar,  Egjpt),  27  (spotted,  Sabine),  and  35,  witli  colored 
ringB. 

K.  C.  Neville,  Sason  Obsequies,  1852,  pi.  18-23,  containing  several  bnndred  flguros, 
moHtl;  varicolored. 

John  Tonge  Akennan,  Bemalna  of  Pagan  Sazondom,  1855,  onts  p.  xzviii,  and  colored 
platea  13  and  21,  with  thirty  or  fort;  varieties. 

Faossett  (op.  cit),  pi.  5, 6, 7,  fignces  in  single  tint  and  varleolored  of  about  two  hun- 
dred examples. 

AchiUe  Deville,  Histoire  de  I'Art  de  la  Terrerie  dans  PAntlqniW,  1873,  pi,  78^,  vari- 
gabed ;  pi.  5,  nnioolored. 
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even  this  is  a  YenetisD  pattern.  Among  many  varieties  of  glass  beads, 
the  Wheeler  Snrvey  has  the  cornaline  d' Aleppo  from  excavations  near 
Santa  Barbara,  Oal.  (Dos  Paeblos,  Big  Bonanza],  also  another  Venetian 
variety  with  the  center  black  instead  of  white.  Both  kinds  are  used 
by  the  modern  Utes.  It  deserves  mention  that  Professor  Henry  has  i 
recently  procared  for  the  Smithsonian  Institution  a  fine  collection  of  Ve- 
netian beads  for  comparison  in  this  branch  of  archieology.  ^ 


COLOBED  BEID  DUO  FROM  A  HOUND  AT  THE  EXTREME  IfORTH  END  OF 
BLACK  HAMMOCK,  THRER  MILES  WEST  OF  MOSaUITO  INLET,  EASTERN 
COAST  or  FLORIDA. 

By  a.  U.  HABRiaON,  Ataitiantj  Coatt  Survts. 

Imbedded  in  the  roots  near  one  of  the  sknlls  was  foand  a  small  gold, 
bead,  and  another  larger  one  of  snch  peculiar  material  and  construction 
that  a  description  of  it  will  not  be  amiss.  (See  Fig.  1,  in  preceding 
article).  It  is  cylindrical,  1 J  inches  long,  1  inch  in  diameter  throngh  the 
center,  and  one-half  inch  across  the  hexagonal  ends.  When  taken  from 
the  ground,  parts  of  its  surface  had  a  peculiarly  pearly  or  iridescent  ap- 
pearance, due  to  oxidation.  Upon  my  return  home  I  divided  it  length- 
wise, and  gave  one-half  in  its  original  condition  to  the  Superintendent 
of  the  Coast  Survey ;  the  other  I  had  polished,  and  it  is  still  in  my 
possession.  It  is  brilliantly  colored  around  the  middle  by  dark  and  light 
blue  lougitudinal  bars,  tapering  toward  the  ends  of  the  bead,  which  are 
deep  red,  each  bar  being  defined  by  a  dead  white  line.  Gunning  length- 
wise throngh  the  center  is  a  variegated  cylinder  of  op'ique  and  semi- 
transparent  enamel,  or  glass,  which  has  a  single  perforation.  Obviously, 
a  tnbe  arranged  in  concentric  layers  of  different  colors  was  first  made, 
then  cut  into  sections  at  intervals,  and  each  section  ground  to  the  present 
shape.    It  is  beautifnily  tinted,  and  plainly  the  work  of  a  skilled  artisan. 


BHELL-HEAPS  AT  THE  MOUTH  OF  8A1NT  JOHN'S  RIVER,  FLORIDA. 
By  8.  P.  bUTBBRBT,  Cape  Blixab^,  Me. 

Fort  George  Island  lies  at  the  mouth  of  Saint  John's  River,  Florida. 
It  embraces  1,100  acres  of  high  and  dry  *'  hammock"  land,  sarroanded  < 
on  three  sides  by  1,800  acres  of  marsh.  On  the  remaining  part  is  a 
sandy  beach,  which  also  extends  along  the  mouth  of  the  river  four  miles. 
The  island  is  very  nearly  level  and  covered  with  a  dense  growth  of  many 
varieties  <tf  wood,  among  which  are  live  and  water  oak,  magnolia,  hick- 
ory, cedar,  and  pine.  Mount  Cornelia  is  a  bill  of  sand  about  one-half 
mile  from  the  shore.  It  is  estimated  that  there  are  forty  acres  covered 
with  large  piles  of  oyster-shells,  while  many  acres  are  covered  with 
20  s  /  -  1 
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them  distribated  evenl;  over  tbe  sorface.  In  that  climate,  when  not 
protected,  tbe;  disiotegrate  with  Bome  degree  of  rapidity. 

The  Iftrffer  deposit  that  we  examioed  covered  IJ  acres ;  the  height  at 
the  point  mast  iisve  l>eeQ  30feet.  In  efaape  it  resembled  a  bowl  tamed 
bottom  side  np.  The  upper  snrface  was  covered  with  a  vegetable  mold 
from  10  to  19  inches,  apon  which  were  growing  forest-trees.  We  meas- 
ured a  live-oak  which  had  a  diameter  of  32  inches.  Six  feet  fh>m  the 
bottom  was  a  layer  of  black  vegetable  mold  following  a  coarse  nearly 
parallel  with  the  surface  of  the  ground.  It  showed  no  indication  that 
there  were  any  trees  growing  in  the  space  occupied  by  these  deposits 
previous  to  tbeir  being  transported  there.  The  shells  were,  without  an 
exceptioD,  single,  and  inside  of  the  pile,  where  they  had  not  been  exposed 
to  the  inflnence  of  the  climate,  no  signs  conld  be  discovered  of  tbeir 
having  been  treated  with  fire.  Large  gaantities  of  these  shells  are  being 
cart«d  off  to  make  roads  on  the  island,  ho  that  we  bad  a  good  chance  to 
see  the  interior  of  the  pile.  We  were  informed  by  the  cartmen  that 
human  skeletons  were  found  occasionally.  A  gentleman  informed  me 
that  he  had  seen  a  piece  of  pottery  on  which  was  marked  "  1707."  Ad- 
joiniug  the  above  pile  was  a  depression  resembling  the  inside  of  a  bowl, 
the  outside  being  irregular,  and  in  one  place  it  looked  as  though  the  side 
might  have  been  forced  out  and  that  it  was  caused  by  a  large  body  of 
water  which  had  been  inclosed  and  burst  from  its  confinement  In  tbe 
center  of  this  deposit  the  shells  were  not  three  feet  deep,  while  the  walls 
were  fifteen. 

On  another  part  of  the  island  the  proprietor  informed  me  tbat  among 
forest-trees  of  2  and  3  feet  diameter,  on  the  deposits  could  be  traced  dis- 
tinctly the  rows  and  other  indications  of  sngar-cane  culture.  About  a 
month  previous  to  my  visit,  Dr.  Hall  leveled  a  sand  monnd  in  front  of 
liis  residence,  in  which  were  human  skeletons,  stone  implements,  and 
ITOltery. 


ANCIBXT  HOUlfD  Ilf  ITEfiTERir  PEKNBYLTANIA. 

Bv  WiLLUM  M.  Taylor,  itf  Monnl  Jackion,  Pa. 

This  mound  is  about  35  feet  in  diameter  and  5  feet  high.  Joining  the 
circumference  on  the  southeast  is  a  projection  35  feet  long,  of  the  same 
height  as  the  main  part.  This  gives  the  mound  a  gridiron  shape,  with 
a  very  broad  handle. 

The  site  of  the  mound  is  on  tbe  Mahoning  Eiver,  west  side,  second 
bench,  and  about  a  Quarter  of  a  mile  from  the  stream.  It  is  one-third 
of  a  mile  from  the  mound  back  to  the  range  of  bills  more  than  a  hundred 
feet  high.  It  is  worthy  of  notice  that  the  projection  extends  in  a  course 
parallel  with  tbe  river  on  one  side  and  the  bills  on  tbe  other. 

In  leveling  this  mound  a  number  of  graves  and  skeletons  were  dis- 
covered.   There  were  also  a  few  implements,  bone  beads,  mica,  &c., 
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fonnd.  Most  of  the  skeletooB  gaiokly  crambled  apoD  exposure  to  the 
air.  From  Mr.  Gibson,  the  owner,  I  obtained  a  large  and  well  shaped 
Bkull.    The  under  Jaw  ia  still  attached,  and  most  of  the  teeth  remaiD. 

On  a  former  visit  I  picked  up  a  number  of  bones  that  were  lying  loosely 
aroand  after  the  attempt  at  lereling.  The  skeletons  were  snrroanded 
by  large  flat  stones  set  on  their  edges.  These  stones  were  brought  from 
the  hills,  as  there  are  none  like  them  in  the  bottom.  The  earth  of  which 
the  mound  was  bnilt  was  also  brought  from  a  distance.  It  is  quite  dif- 
ferent io  color  and  quality  from  that  near  by.  Some  charcoal  is  found 
mixed  in  it.  Flint  chippings  and  arrow-heads  are  still  lying  around. 
Formerly  various  Stone  implements  were  found  in  the  neighborhood. 
Last  spring  a  colored  man  was  plowing  on  the  farm  of  Mr.  G.  B.  Eashy, 
on  the  hill-side,  in  sight  of  the  mound,  and  less  than  half  a  mile  from  it. 
In  the  tnrniag  over  of  the  sod  he  discovered  an  ancient  cache.  The 
stock  or  collection  consisted  of  ases,  hatchets,  tomahawks,  hoes,  wedges, 
and  a  chain  on  which  were  strung  several  of  the  tomahawks.  There  were 
over  twenty  iron  implements  in  alL  Ko  two  of  even  the  same  kind  were 
of  the  same  size  or  shape ;  but  one  of  the  hoes  was  almost  identical  in 
shape  and  size  with  the  hoes  made  for  the  Southern  cotton -fields.  Is  it 
probable  that  the  same  race  and  generation  nsed  both  the  iron  and  stone 
implements?  The  iron  tools  have  avery  thick  coating  of  rast  upon  them, 
and  are  evidently  among  the  first  iron  implements  ever  used  by  any 
people  in  the  valley  of  the  Mahoning. 

Near  the  monnd  once  stood  the  Indian  village  of  KuBbkushkee,  or  Kas- 
kasknnk.  Pakanke,  the  Delaware  chief,  and  Glikkikan,  a  celebrated 
orator  of  the  Delaware  tribe,  lived  here.  It  is  probable  that  Christian 
Frederick  Post  visited  the  Indiana  in  this  town,  by  appointment  of  the 
governor  of  Pennsylvania,  in  1758.  "Again,  in  1761,  Post  repeated  his 
viait ;  not  on  this  occasion  in  the  capacity  of  a  political  envoy,  but  as 
an  ambassador  of  the  gospel." — Black  Robes. 

This  waa  the  year  before  the  establishing  of  the  Moravian  missionary 
station  and  the  fonnding  of  Friedenstadt,  nine  miles  below  on  the  Bea- 
ver Biver,  near  the  present  town  of  Moravia. 


DEPOSIT  OF  ABBOW-HBADS  KEAB  VISHKILL,  IT.  T. 

Br  Edwin  M.  Shrfabd,  of  Norfolk,  Conn. 

This  interesting  discovery  of  arrow-heads  was  made  npon  the  farm  of 
Mr.  George  Allerton,  at  Green  Haven,  Dntchess  County,  New  York. 
The  farm  ia  situated  in  a  beautiful  valley  about  twelve  miles  l^om  Fish- 
kill  on  the  Hudson.  It  seems  that  there  were  several  bog-holes  scattered 
aboat  the  place,  each,  perhaps,  25  to  40  feet  in  diameter.  They  have  a 
few  Inches  of  water  and  several  feet  of  rich  muck,  and  are  the  resort  of 
nnmerous  frogs,  turtles,  and  snakes.    Last  July  Mr.  Bedevaty,  thinking 
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that  the  muck  would  be  an  excellent  thing  to  spread  on  his  laud,  set 
one  of  his  men  at  work  banling  it  out.  While  employed  in  digging,  his 
spade  bronght  up  a  uambec  of  arrow-points.  He  described  them  to  be 
nicely  piled  side  by  side,  edgewise,  in  two  or  three  rows.  There  were 
perhaps  two  or  three  hundred  in  all.  On  each  side  and  ou  top  were 
some  charred  logs  and  sticks,  that  seemed  to  be  the  remains  of  an  old 
fire.  They  were  10  or  15  inches  below  the  surface  of  the  pond.  They 
are  of  a  blue  jaspery  flint,  and  seem  to  be  in  an  anflnished  condition. 
I  thought  that  probably  the  Indians  bad  biongbt  tbem  from  a  distance 
{as  I  have  never  found  any  of  the  same  rock  anywhere  in  this  neighbor- 
hood) and  made  this  pocket  and  covered  the  traces  of  them  by  bnilding 
a  fire,  intending  to  return  and  finish  them  at  their  leisure ;  or,  perhaps, 
they  hid  them  there  to  prevent  their  capture  by  their  enemies. 


STOVB  CELTS  IK  THE  WEST  INDIES  AND  Ilf  IFBIOA. 

(Extract  from  a  letter  of  Geo.  J.  Gibbs,  esq.,  Tnrks  iBlaiid.) 

Mr.  Gibbs  draws  attention  to  a  paragraph  (vol.  ii,  p.  451)  in  the  work 
of  Martin  Fernandez  Navarrete,  a  French  translation  of  which  was 
published  in  Paris  in  1828,  entitled  "delations  des  Qaatie  Voyages 
entrepris  par  Ohristopbe  Colombe,  &c.,"  in  which  the  natives  of  all  the 
West  Indies  are  said  to  use  "  des  haches  et  des  erminettos  faites  avec 
des  pierres  si  ^I6gantes  et  si  bien  travaill^es,  qu'on  ne  pent  trop  s'^ton- 
ner  de  ce  qu'ils  ont  pu  les  fabriqner  sans  fer."  On  page  448,  vol  ii,  M. 
Navarrete  repeats  the  words  of  Colambns  concerning  the  idolatry  of  the 
natives,  "Gar  dans  leur  maisons  ils  ont  des  idoles  de  plusieurs  esp&ces. 
Je  (Colnmbns)  lenr  ai  demand^  ce  que  c'etait,  et  ils  m'ont  r^pondu  que 
tfetait  nne  chose  de  Turey,  ce  qui  vent  dire  dn  ciel," 

In  the  same  letter,  Mr.  Gibbs,  after  drawing  attention  to  several 
places  in  Livingstone's  "  Last  Journal,"  wbere  the  distingnished  aathor 
denies  ever  having  heard  of  stone  implements  in  Africa  (pp.  S3,  80, 
442,  448),  says  that  in  1841  a  Spanish  slave-ship  was  wrecked  on  the 
OaicOB  Islands.  In  conversation  with  Mr.  Oibbs,  who  showed  some  of 
the  negroes  a  stone  celt,  they  remarked  that  snch  things  were  wor- 
shiped in  their  conntry,  that  they  fall  fix)m  heaven  during  thunder- 
storms, and  that  they  are  a  sure  preventive  of  the  evil  effects  of  light- 
ning to  those  who  keep  them  in  their  houses.  It  is  esteemed  very 
onlacky  to  part  with  one  nnder  any  circnmstances. 


THE  INDIANS  OF  PEBU. 

By  F.  L.  Gait,  M.  D.,  of  XjtwAft«irff,  Va. 
The  tribes  of  Sooth  American  Indians  who  live  on  and  to  the  east- 
ward of  the  Andes  in  Peru  belong,  according  to  d'Orbigny's  classifica- 
tion, to  the  Race  Ando-Peruviennef  one  branch  of  which  he  designates  as 
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(be  Quiebuaa  and  Aymaraa,  and  the  .other  as  the  Amtman.  The  latter, 
more  eapecially,  embrace  those  living  to  the  eastward  of  the  Cordil- 
leras, whoae  home  is  among  the  lowlands,  which,  I  suppose,  inclnde 
what  is  known  as  the  "MontaOa"  of  Pern.  This  MontaHa  emhraces  a 
district  from  an  elevation  of  4,000  feet  down  to  the  level  of  the  Ucaj'ali 
basin,  whose  average  level  above  the  sea  varies  from  200  to  500  feet, 
and  is  coalinuons  with  the  lowlands  of  the  Brazilian  portion  of  the 
Amazon  Valley.  There  are  three  platforms,  differing  greatly  in  height, 
which  form  the  basins  of  the  Ucayali,  the  Huallaga,  and  the  proper 
main  cnrrent  of  the  Marafion  itself  j  and  the  tribes  who  inhabit  the  low 
conntries  of  Eastern  Pern  have  traded  for  centuries  among  the  broad 
currents  of  the  flrst  two  river  bottoms.  The  Ucayali  Eiver,  which  seems 
for  some  reasons  worthy  of  being  more  properly  considered  the  contio- 
nation  of  the  Peruvian  part  of  the  Amazon,  has  a  length  of  885  miles 
from  its  debouchment  into  tbe  Mara&on  to  the  point  where  the  two 
streams  tJrabamba  and  Tambo  unite  to  form  it.  On  the  old  charts  of 
the  priests  it  was  called  the  Apo-Faro,  and  the  term  Ucayali  only  applied 
to  the  more  northern  half,  from  about  tbe  Pachitea  to  the  Mara&on.  A 
fine  stream  like  this,  which  by  recent  surveys  has  been  shown  to  be 
navigable  for  steamers  its  whole  length,  and  with  its  comparatively 
moderate  current  of  2.65  miles  per  hour,  must  have  natnrally  attracted 
the  natives  to  its  borders,  where  abundance  of  fish,  turtle,  and  water- 
fowl offered  so  easy  a  livelihood.  We  accordingly  find  that  the  manu- 
script records  of  the  friars  of  the  order  of  Saint  Francis,  which  show 
the  ardent  spirit  of  these  enthusiasts  during  two  centuries,  mention 
numerous  peoples  dwelling  along  the  whole  length  of  this  noble  river ; 
and  the  present  deserted  spectacle  of  its  borders  gives  us  no  index  of 
the  population  which  ouce  dwelt  here.  Another  attraction  for  the 
native  was  the  comparatively  moderate  heat  which  is  to  be  encountered 
here,  as  in  all  parts  of  the  Montana  of  Peru,  not  rising  above  no  annual- 
average  of  24°  C.,aiid  it  must  have  attracted  migration  nowand  then  from 
the  more  desolate  or  cold  heights  of  the  sierras  to  the  westward.  The 
great  drawback  to  tbe  basin  of  this  river  Ucayali,  and  also  to  the  whole 
of  the  river  country  of  the  lower  part  known  as  the  "Pampa  del  Sacra- 
mento," would  have  been,  probably,  the  inundations  of  the  rainy  season, 
and  the  comparatively  few  points  suitable  for  permanent  settlement. 
The  simplicity  of  house  structure,  and  the  very  few  articles  to  be  trans- 
ported, would  have  counteracted  this  objection,  and  the  generosity  of 
the  climate  as  to  vegetable  production  would  offer  them  a  relief  from 
the  toil  of  a  hardy  agriculture  and  the  preparation  for  cold,  which  they 
found  BO  necessary  among  the  mountains. 

Of  the  origin  of  the  tribes  living  In  the  lower  portion  of  the  Montafia 
of  Pern,  we  have  little  or  no  reliable  information.  What  relaiioD  the 
present  representatives  bore  to  the  Inca  popalation  is  uncertain. 

In  some  recent  surveys,  undertaken  nnder  the  auspices  of  Peru,  of  the 
tributaries  of  the  Amazou,  which  waters  the  territory  of  that  republic, 
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I  had,  as  sorgeoD  of  the  ezpeditioii,  many  opportonlties  of  beooming  ac- 
qaaioted  vith  tbe  tribes  wbo  live  in  tbe  lowlands  of  the  basin  of  Ebe 
Ucayali,  the  MaraSon,  Paohitea,  and  other  streams,  and  I  conid  obtain 
bat  the  faintest  knowledge  of  their  peoples.  Tradition  among  them 
seemed  to  be  rednced  to  its  lowest  condition,  and  among  those  tribes 
which  I  visited  there  was  only  one  which  seemed  to  treaanre  any  notion 
of  the  Inca  history ;  and  they,  in  their  pride  of  fancied  descent  from  that 
race,  showed  iu  their  physical  type  some  resemblance  to  the  ancient 
rulers  of  Pern. 

Beginning  at  tbe  month  of  the  Ucayali  River,  tbe  following  tribes  ap- 
pear as  we  go  np  that  stream :  Kokamas  occupying  both  sides  and  the 
adjacent  country  of  the  Maranon  Biver.  They  are  a  Ohristtantzcd  peo- 
ple, and  are  those  more  frequently  found  about  the  villages  occupied 
by  the  white  settlers.  Their  color  is  darker  than  that  of  most  others 
of  tbe  inhabitants  of  that  country,  and  tbeir  stature  is  below  the  average. 
Their  limbs  have  not  the  rounded  forms  which  characterize  some  others, 
and  their  featnres  are  harsher  in  expression.  They  are  very  tractable 
and  work  iaithfully.  Fidelity  among  tbeir  women  is  a  characteristic 
virtue. 

The  Mayoaranas  inhabit  tbe  country  back  from  the  river  hereabouts, 
and  are  leas  approachable  by  Christian  or  civilizing  induences. 

Bemains  of  the  Setibos  shipibos  are  here  and  there  to  be  found, 
althongfa,  as  is  generally  the  case  on  this  and  other  river  borders 
of  the  Montana,  tbe  tribal  type  is  so  destroyed  by  the  cnstom  of  the 
priests  tor  many  years  to  collect  together  at  the  various  missious  tbe 
younger  of  the  different  tribes  for  religious  and  other  purposes,  that 
intermingling  of  blood  has  destroyed  among  most  of  the  tribes  distinct- 
tive  marks. 

The  Gonibos,  are  the  largest,  most  namerous,  and  most  important  of 
all  the  river  tribes,  and,  having  been  about  the  prominent  missions, 
such  as  Sarayaca,  Callina,  and  other  places  for  many  generations,  they 
are  the  most  conspicuous  on  the  Ucayali.  In  their  type  they  resemble 
much  the  Inca  caste  in  their  strongly  aquiline  nose,  which  is  prominent; 
their  broad  forehead,  large  eye,  yellow  cornea,  and  not  prominent  cheek- 
bone. The  limbs  are  round;  abdomen  protuberant;  bands  and  feet  small; 
shoolders  broad,  thoagh  rounded.  The  custom  of  flattening  the  heads, 
said  by  some  to  tw  a  custom  among  them,  must  be  very  rare,  as  I  never 
saw  an  instance  of  it,  though  much  among  that  tribe.  They  pride  them* 
selves  nincb  on  tbeir  blood,  and  do  not  permit  of  marriage  among  neigh- 
boring tribes,  although  they  fi%qaeotly  make  raids  on  their  neighbors 
living  up  on  the  Pachitea  and  Sanganiyacn,  the  Uoxibos,  for  the  pur- 
pose of  stealing  children,  women,  and  slaves. 

Auunt  the  missions  of  Galleria  and  Caziboya  are  found  the  remains  of 
tbe  older  tribe  of  the  Bemoe,  who  have  disappeared  very  much  tbrongb 
wars  and  disease.  They,  like  the  Amabnacos,  who  live  higher  op  the 
Ucayali,  above  the  Pachitea,  are  mostly  to  be  found  as  slaves. 
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M.'CaatelDaa,  in  hLs  Voyage,  gives  some  statements  going  to  Bbow  that 
there  is  among  the  tribes  of  this  regioa  a  definite  idea  of  faturity  iu 
oODDectioQ  with  the  soul's  immortality  and  of  a  Snpreme  Being.  It  ap- 
pears to  me  that  he  mnst  have  coufoanded  the  notions  tbey  hare  gaioeU 
by  long  contact  with  the  friars  with  theii  original  ideas.  Those  whom 
I  often  conversed  with  among  these  tribes,  traders,  priests,  half-breeds, 
and  Indians  themselves,  seemed,  as  far  as  I  conld  learn,  a  race  most 
ignorant  of  everything  beyond  the  daily  life  they  led,  except  where  they 
had  some  oomprehensioa  of  what  tbey  had  heard  from  the  teachings  of 
the  friars,  who  for  over  a  hundred  years  have  been  among  them.  I  was 
repeatedly  told  by  the  very  intelligent  prefect  of  the  order  of  Saint 
Francis,  at  Oaxiboya,  the  headquarters  of  the  missions,  that  he  had 
never  been  able  to  detect  among  the  purely  savage  natures  any  notions 
of  the  subjects  referred  to,  except  that  they  seemed  to  have  a  vague 
idea  of  an  evil  spirit,  whom  they  looked  apon  as  the  author  of  all  tho 
ills  of  life;  that  of  the  aoul  and  its  immortality  tbey  did  not  entertain 
the  rudest  conception. 

The  Conibo  tribe,  from  their  prominence  on  the  river,  are  more  ap- 
proachable by  the  whites,  and  they  show  a  larger  degree  of  thriftinesa 
and  comprehension  of  the  uses  of  trade.  Bnt  when  at  their  homes, 
Quexcited  by  the  animation  of  business,  there  seems  little  difference 
tKtweun  them  and  the  other  tribes  in  that  country,  being  indisposed  to 
communicate  information,  quiet,  with  a  species  of  cadness,  or  rather 
apathy  arising  from  want  of  thought.  Yet  it  is  well  known  that  when 
they,  or  any  of  the  representatives  of  the  tribes,  are  taken  young,  as  ia 
irequently  the  case — sale  of  them  being  one  of  the  elements  of  txade  on 
the  rivers — and  brought  down  to  the  villages  on  the  MaraSon,  or  to  the  in- 
terior, where  there  are  white  populations,  they  develop  rapidly  a  remark- 
able sprightliness.  They  learn  the  Spanish  language  with  great  facility,  as 
also  the  vanoos  duties  they  are  called  on  to  perform  as  nurses  or  servants 
for  children  or  grown  people,  and  in  all  respects  acquire  the  arts  of  the 
stage  of  civilization  of  that  country  with  ease.  Many  of  these  yonog 
persons,  however,  die  before  they  have  been  in  their  new  homes  any 
length  of  time,  not  &om  homesickness,  which  they  rarely  feel,  bnt  from 
a  change  of  diet  and  mode  of  life,  the  comparative  plenty  of  their  new 
mode  of  existence  and  its  excitement  apparently  prodncing  derange- 
ments of  digestion.  Among  all  the  young  people  of  the  tribes  of  the 
Uoayali  and  its  tribataries  who  tbns  find  their  way  into  civilization,  the 
children  of  the  Oampas  tribe,  who  inhabit  the  conntry  of  the  Cerro  de 
la  Sal  and  the  aoath  part  of  the  Pampa  del  Sacramento,  are  preferred 
on  account  of  their  quickness,  energy,  and  fine  physique,  which,  thongh 
dight,  ia  somewhat  more  elegant  in  figure. 

The  Oonibo  tribe  control  the  Fcayali  for  some  distance  above  the  Ps- 
chitea,  and  are  then  replaced  near  the  Urnbamba  and  Tambo  Bivers  by 
the  Pirros,  who  are  the  most  stalwart  of  all  the  aborigines  of  this  conntry. 
They  inhabit  both  sides  of  the  Uoayali  near  the  two  rivers  mentioned, 
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aad  also  abont  the  moatbs  of  the  Urabamba  and  Tambo.  This  change 
from  the  dnll,  heavy-looking  Oonibo,  Sitibo,  and  Sbipibo  is  possibly 
owiog  to  a  modiflcatioii  in  climate,  which,  aboat  the  coantry  of  the 
Firros  tribe,  is  mach  more  moderate  as  to  tempeiatnie  and  damp- 
ness. 

The  surface  of  the  coantry  is  also  laoch  more  open  a  tittle  way  from 
the  riveT  margins,  and  allows,  therefore,  of  locomotion  by  other  means 
than  that  of  the  slaggish  canoe.  This  difference  of  physical  features  of 
a  section  must  in  the  coarse  of  time  make  considerable  difference  in  the 
physique  of  races,  and  its  effects  are  probably  not  more  distinctive  any- 
where than  in  the  tangled  jungles  of  the  Amazon  and  the  open  plains 
of  the  La  Plata  basin.  This  physical  distinction  reacts  on  the  morale 
of  the  inhabitant,  and  snbstitutesfortbeslnggish,  apathetic,  and  ancom- 
manicative  native  of  the  former  location  the  active  horseman,  the  bold 
antagonist,  and  the  ready  occupant  of  the  pampas  of  the  temperate 
regions  to  the  south.  The  coantry  inhabited  by  the  Firros  tribe  com- 
municates with  the  headwaters  of  some  of  tbe  Brazilian  rivers,  and 
intercourse  is  more  or  less  regnlarty  kept  up  with  the  tril)eB  of  that 
country,  inducing  similarity  of  customs,  &o.  The  Firros  also  communi- 
cate with  the  coantry  of  Cuzco  for  trading  purposes,  and  they  show  a 
much  greater  vitality  than  those  living  down  on  the  Lower  Ueayali. 
But,  of  all  the  tribes  of  the  trit)ntaries  of  the  Ucayali,  those  of  tbe 
Tambo  and  Ere  Bivers  and  of  the  Oerro  de  ia  3al,  attract  more  atten- 
tion by  their  long,  persistent,  and  dangerous  hostility  to  the  whites. 
They  are  known  in  tbe  old  manuscripts  as  the  "  Antis,"  and  under  the 
name  of  Oampas  appear  more  conspicnoosly  about  the  end  of  tbe  last 
century.  The  friars  of  Saint  Francis  seem  to  have  made,  among  the 
tribes  of  the  Gerro  de  la  Sal,  greater  progress  in  civilizing  than  else- 
nhere  in  tbe  Montana,  and,  from  that  poriiou  of  tbe  valley  of  the  Oban- 
chamayo,  of  the  Ferene  and  Ere-Eivers,  they  steadily  pushed  their  way 
to  the  Ucayali,  and  even  down  to  the  MaraSon,  during  tbe  last  eentnry 
But  it  appears  that  an  apostate  from  Cliristianity,  one  of  the  race  who 
had  been  eilncated  in  Spain,  returned  to  the  land  of  his  fathers,  pro- 
claimed himself  as  sent  of  God,  to  redeem  bis  people  from  the  tyranny 
of  the  worship  of  the  priests,  and  a  general  massacre  of  these  holy  pio- 
neers forever  put  a  stop  to  progress  in  the  southwest  part  of  tbe  Fampa 
del  Sacramento.  Since  that  time  the  route  to  tbe  Ucayali  by  the  Ere 
and  Perene  has  been  closed  to  tbe  white  man  and  the  neighbor  Indians; 
aud  even  government  expeditions  sent  to  reopen  that  road  have  been 
bafiBed  and  compelled  to  retire  before  tbe  ambuscades  which  the  Gampas 
ever  prepared  for  all  who  sought  to  disturb  their  water-front  along  the 
Cerro  de  la  Sal.  Besides  tbe  Gampas,  living  along  these  rivers  there 
were  the  Oampantis,  Pirros,  and  Siminchis,  although  all  were  merged 
or  lost  in  the  towering  reputation  of  the  Gampas,  and  now,  all  along  the 
Uc:iyali,  the  Pachitea,  and,  in  fact,  all  the  streams  flowing  f^om  the 
Pampa  del  Sacramento,  that  name  is  sufficient  to  startle  a  tribe  into 
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fear  or  flight.  The  old  name  of  "  Eaim  "  is  to  be  foand  as  that  of  an 
Indian  sovereignty  in  the  Bonthern  part  of  the  Pampa,  althoagh  one  does 
not  bear  of  it  nowadays.  The  Gampas  have  generally  a  broader  chest 
than  is  common  with  tiie  other  tribes,  proportionate  to  the  height,  and 
their  bands  and  feet  are  often  very  beaatifnl  as  to  size,  and  the  instep 
of  tbe  foot  mneh  arched ;  their  eyes  are  smaller  than  tbose  of  many 
other  tribes  foand  in  the  Ucayali  Valley,  and  the  forehead  has  not 
that  breadth  so  common  among  the  Cooibos.  The  progress  first  made 
among  them  by  tbe  fiiars  has  had  the  effect  of  causing  a  good  many 
reports  as  to  their  advance  in  the  mechanic  arts,  and  I  beard,  while 
npon  the  Ere  and  lam  bo  Kivers,  that  they  knew  now  the  art  of  work- 
ing In  iron,  altbongh  I  conld  never  ascertain  tbis  fiict  from  those  whom 
I  saw  of  that  tribe.  Being  the  Ishmaelites  of  the  Ucayali  basin,  there 
was  little  to  be  learned  of  them  firom  their  neighbors. 

Many  of  tbe  tribal  names  mentioned  by  the  friars  in  their  early  voy- 
ages down  the  Ucayali  are  not  now  to  be  heard  on-  that  river.  Some 
have  disappeared  by  war,  others  by  pestilence,  and  some  have  left  for 
"  parts  nnlmown."  The  old  "  Pano ''  lives  now  only  as  a  sort  of  basis 
for  some  of  the  dialects,  especially  tbe  Bemo,  Conibo,  Sipibo,  and  Setibo. 
Tbe  language  of  the  old  "  Omagnas  *  tribe,  which  now  is  rarely  heard, 
13, 1  am  told,  tbe  most  difBcalt  of  all  to  learn ;  that  one  has  to  learn,  in 
fact,  two  dialects,  the  men  using  one  set  of  words  to  express  their  ideas, 
and  the  women  another.  In  a  modified  form  tliia  is  seen  not  only  in 
the  Qniobna,  bnt  some  other  of  the  river  dialects  of  tbe  Upper  Amazon. 

During  my  visit  to  the  river  country  of  the  Pampa  del  Sacramento  I 
was  unable  to  learn  any  traditions  as  to  tbe  Inca  power  having,  in 
ancient  times,  evra:  extended  itself  as  far  east  as  that  portion  of  Pern. 
However,  in  June,  1873,  daring  an  expedition  made  np  tbe  Fachitea  and 
Fichis  Bivers,  which  flow  throngb  the  middle  and  southwest  of  the 
Pampa,  I  discerned,  some  50  miles  np  the  first-named  stream,  on  the 
face  of  a  sandstone  rock  which  formed  a  surface  some  60  yards  long  by 
40  in  height,  near  tbe  foot  of  which  flows  the  river  itself,  a  great  num- 
ber of  representations  cut  into  the  rock,  and  which  conld  also  be  dis- 
covered by  digging  away  the  soil  which  had  accnmalated  at  the  foot  of 
this  stony  rampart.  Borne  of  tbem  have  a  relation  with  other  relics 
fonnd  in  tbe  interior  districts  of  Peru.  Tbe  Indians  whom  we  had  with 
ns  had  never  heard  of  or  seen  these  tracings  before,  although  tbey  had, 
at  least  a  few  of  tbem,  gone  np  higher  than  this  point,  and  lived  near 
the  month  of  the  Fachitea  Biver  itself. 

It  is  a  very  noticeable  lW;t  that  these  tribes  of  the  lower  platforms  of 
the  Montofla  of  Fern,  and  of  its  continuation  into  Brazilian  territory,  do 
not  seem  to  be  an  aboriginal  race,  or  one  suited  to  their  habitat.  They 
remind  one  of  lefugees  fh>m  some  other  clime,  and  have  tbe  appearance, 
as  to  tbe  conquest  they  make  over  the  difficulties  of  their  situation,  of 
"strangers  in  a  strange  land."  The  ease  and  freqaency  with  which 
tbey  move  from  one  part  of  the  river  to  the  other,  according  to  the  stage 
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of  water,  the  nohomelike  looli  of  theii'  habitations,  the  nntilled  natnre 
of  the  soil,  where  vegetation  crowds  up  to  the  very  doors,  the  udoccu- 
pied  character  of  their  life,  their  inability  to  tell  hb  of  themselves,  their 
forefiathers,  of  the  scenes  of  the  land  they  live  in,  all  go  to  show  a  for- 
eign extraction  of  not  many  oentaiies  past.  Id  fact  some  of  the  tribes 
living  now  on  the  Hcayali  and  on  the  MaraQon  did  come  fh>m  the  slopes 
of  tlie  Andes  far  awa^  to  the  northward  in  Ecuador,  and  others  arrived 
there  from  the  upper  country  about  the  Hnallaga,  and  ITpper  MaraSon  ^ 
while  -the  name  "  Omagaas,"  which  appears  on  the  BlaraQon  in  the  name 
of  an  abandoned  village  site,  and  a  member  of  which  tribe  rarely  is 
heard  of  in  this  western  part  of  the  great  Amazon  Valley,  comes  &om 
the  soatb  and  east  under  the  name  of  Tnpi  or  Ouaranl.  The  physical 
character! Btics  applied  to  this  stock  by  La  Oondamine  will  answer  for 
many  of  the  tribes  encountered  in  this  section  of  Sonth  America.  It 
seems  not  improbable  that  the  oldest  of  the  tribes  living  some  few  cen- 
turies back  in  the  low  conntry  of  the  Ucayali  and  MaraSon  have  been 
replaced  by  the  stronger  red  races  from  the  Andean  slopes,  who  in  their 
turn  have  withered  under  the  influence  of  their  new  climate  and  Its 
debilitating  tendencies.  To  this  cause  for  disappearance  must  be  added 
small  pox  as  a  large  factor.  During  the  past  year  this  scourge  has 
desolated  the  river  country  of  the  borders  of  the  Brazilian  aud  Peru- 
vian frontier,  and  has  caused  the  entire  disappearance  of  one  of  the  most 
docile  and  physically  the  handsomest  of  the  tribes  about  the  mouth  of 
the  Nape,  the  Yaguaa,  who  died  by  families,  and  were  eaten  by  the  wild 
beasts  and  birds  of  the  forest  about  them.  .The  custom  of  piercing  the 
lower  lips  and  the  ears  for  the  purpose  of  placing  wooden  plugs  therein, 
which  was  characteristic  of  the  old  Tupinamba  race  of  Brazil,  is  to  be 
found  now  and  then  among  some  of  the  tribes  of  the  Ccayali  aud  the 
Napo,  on  which  latter  stream  the  enormous  dilatation  of  the  lobe  of  the 
ear  by  these  plates  is  a  striking  peculiarity  among  one  of  the  tribes  known 
as  the  Cotos.  But  as  far  as  I  could  learn  there  seems  to  have  been 
given  to  none  of  the  Ccayali  or  Mara&on  tribes  that  organized  faith  in 
religious  matters  which  some  writers  have  discovered  among  the  tradi- 
tions of  the  Toplnambas  of  Brazil, 

lu  reference  to  the  breadth  of  chest  and  size  of  the  lung-case  noticed 
among  the  dwellers  on  the  Andean  slopes,  I  may  state  aa  the  result  of 
my  own  observation  that  this  development  is  oftener  to  be  encountered 
among  the  mixed  breeds,  the  cross  of  the  Indian  and  white,  and  more 
particularly  in  the  female,  than  among  the  pure-blooded  Indians  whom 
1  have  seen  from  there ;  and  I  am  disposed  to  ascribe  this  to  the  fact  that 
the  female  is  the  burden-carrier  not  only  among  the  pure  Indian  races, 
but  also  among  the  half-castes  of  Fern,  and  in  her  relations  with  the 
whites  has  more  drudgery  of  life  to  perform  in  many  instances.  The 
custom  among  them  of  carrying  burdenson  the  head,  while  it  contributes 
to  expansion  of  the  chest,  gives  them  an  erectness  and  elegance  of  move, 
ment  of  the  body  which  is  frequently  noticed.    The  absence  among  the 
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Indiaos  of  the  Pampa  del  Sacrameato  and  atljoining  regions  of  the  mus- 
cnlar  delineatiou  in  the  limbs  is  very  characteristic;  they  seem  to  be- 
cashioned  with  adipose  matter,  which  gives  a  roundness  which  does  not 
disappear  even  when  performing  an  act  of  mnscular  exertion,  and  the 
contrast  between  this  race  and  the  negro  of  Brazil  is  very  striking.  This 
roundnessof  figure  is  continued  in  the  mixed  breeds  of  Indian  and  white. 
Uue  of  the  most  frequent  and  severely  painful  affections  among  the 
Indian  races  is  what  is  Jtnown  as  "  cold  abscesses  "  which  form  in  and 
under  the  muscalar  tlssne  of  the  body.  They  give  rise  to  enormous  depos- 
'  its  of  pus,  which  entail  great  debility  on  the  individual,  and  which  are  these 
adipose  tissnes  breaking  down,  no  doubt,  under  influences  of  depressed 
vitality.  This  soflneas  of  the  muscular  system  is  also  noticed  in  their 
hands,  which,  although  in  incessant  use  of  the  paddle,  never  seem  to 
acquire  that  borny  hardness  to  be  fonnd  among  a  laboring  class  in  more 
open  and  temperate  regions.  In  the  tribes  living  ou  the  Maraiion  bor- 
ders, about  the  Cfcayali  month,  the  nose  has  a  tendency  to  spread  con- 
siderably at  the  nostril,  nor  bas  it  the  arched  appearance  to  be  seen 
among  the  Oonibos  and  others  living  higher  up  on  the  Ucayali  River. 
The  color  of  the  skiu,  too,  is  more  inclined  to  brown  than  red,  and  the 
prominence  of  the  cheek-bones  is  greater.  A  noteworthy  fact  among  the 
half-breeds — the  offspring  of  the  Spanish- Peinvian  descendant  and  the 
Ind ian  of  tbe  Montana  of  Peru — is  the  great  general  resemblance  there  is  to 
the  Chinese  type,  so  much  so  as  to  make  ns  often  doubt  whether  there 
may  not  be  sometimes  a  blood  kinship.  This  resemblance  is  fonnd  in 
the  oblique  position  of  the  eye,  tbe  yellow-white  complexion,  and  the 
shape  of  the  nose.  This  resemblance  is  one  oftbe  most  common  features 
observed  by  strangers  who  are  thrown  among  the  half-castes  of  this 
region. 

Tbe  different  dialects  spoken  by  the  tribes  on  theMaranon,  TJcayali,  and 
Huallaga  Rivers,  where  the  Indians  have  been  for  some  time  in  con- 
tact with  tbe  white  or  half  white  Hispano-American,  are  very  much  inter- 
mingled in  coDversatioQ  with  tbe  Spanish  language,  so  that  persons  who 
are  familiar  with  this  latter  are  enabled  sometimes  to  partially  nnderstand 
tbe  subject  when  listening  to  the  natives.  Tbe  Mestizos  who  talk  with 
the  natives  always  use  the  Spanish  largely  in  their  sentences.  I  was 
also  told  that  the  Quichua  spoken  in  that  part  of  Pera  was  mnch  cor- 
rapted,  sometimes  so  mach  so  as  not  to  be  intelligible  to  those  speaking 
tbe  purer  form  in  nse  aboat  Cuzco. 
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Tbo  approximate  geograpbical  position  of  the  central  portion  of  this 
island  ia  latitude  33°  55"  north  and  longitude  120°  8J'  west  The 
island  is  fifteen  miles  long  by  ten  miles  in  width,  the  general  shape  being 
that  of  a  parallelogram,  and  contains  ahoat  75,000  acres.  Its  longer 
axis  is  parallel  with  the  line  of  the  coast  and  the  Santa  Inez  Moant- 
ains,  which  form  the  northern  side  of  Santa  Barbara  Channel.  The 
channel  betveen  Santa  Hosa  Island  and  the  island  of  Banta  Cmz  has  a 
width  of  five  miles,  and  that  between  Santa  Bosa  and  San  Mignel  a 
width  of  four  miles.  The  depth  of  water  around  Santa  Bosa  Island  is 
less  than  that  of  the  other  islands.  The  outline  of  the  island  is  bold, 
and  no  harbor  exists  around  its  shores.  There  are,  however,  several 
places  where  vessels  can  land,  and  the  present  proprietors,  the  Messra 
Moore  Brothers,  have  built  a  wharf  on  the  eastern  end  of  the  island, 
where  vessels  can  load  and  unload  at  any  time,  except  when  gales  pre- 
vail from  the  northeast. 

Geology. — This  island  has  been  described  as  l>eing  composed  of  sand- 
stone, but  the  first  thing  we  observed  upon  landing  was  that  the  eastern 
end  of  the  island  is  composed  principally  of  volcanic  rocks.  At  the 
wharf  we  found  a  good  exposure  of  strata,  forming  cliffe  about  30  feet  in 
height,  the  lower  portion,  for  about  16  feet  above  the  sand  of  the  beach, 
composed  of  stratified  sandstone,  fine  grained,  and  destitute  of  fossils, 
with  an  occasional  stratum  of  breccia  or  conglomerate.  These  strata 
have  a  dip  of  fh)m  12<^  to  14°  sontheast.  The  upper  portion  of  the  cliffy 
consists  of  a  horizontal  dejKisit  of  fragments  of  rhyolite,  trachyte,  vesic- 
ular basalt,  and  white  bituminous  slate.  The  fragments  gradually 
decrease  in  size  from  the  bottom  upward,  and  are  cemented  together 
with  volcanic  sand.  The  whole  is  covered  with  a  deep  and  apparently 
good  soil.  In  some  places  the  rook  fragments  in  the  upper  half  of  the 
cliffs  have  been  wnter-worn  and  form  conglcunerate.  This  character  of 
rock  extends  from  the  wharf  southeasterly  to  near  a  sand-point  at  tbe 
southeastern  extremity  of  the  island,  where  it  culminates  in  a  bill  of 
volcanic  rock  175  feet  bigb.  This  is  exposed  for  some  distance  in  a 
southerly  direction  from  the  beach  00  tbe  north  side  of  the  point.  The 
rocks  have  a  tendency  to  weather  into  odd  and  fantastic  forma,  the 
angular  ones  becoming  rounded  by  disintegration,  irregular  cavities 
and  caves  being  worn  in  it  by  the  winds. 

'Dr.  Lorenzo  G.  Yates,  of  CiintreTllle,  Cal.,  rendered  me  valaable  aBBlBtanoe  in  tlM 
explotHtioD  of  this  ialaiid.    Tbe  geology  is  prlaoipalt;  oompiled  from  liis  dd(«s. 
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At  tlie  nortbeasterD  extremity  the  rock  is  a  coarse,  volcanic  breccia, 
composed  of  porpbyritic  and  trappean  rocks,  baviiig  a  distinct  Btratifi- 
catioD.  with  a  dip  of  30°  Boutheast.  Several  spurs  extend  out  some  dis- 
tance from  the  shore-line  and  others  have  been  worn  away  by  the  in- 
cessant beating  of  the  aarf  until  they  form  small  rocky  islets,  while  the 
porpbyritic  rocliB  which  have  weathered  out  of  the  main  body  of  the 
breccia,  lie  as  smooth  bowlders  at  the  base  of  the  clifi's.  Prom  this 
point  the  hills  rise  sharply  to  a  height  of  from  250  to  300  feet,  and  run 
southwesterly  to  the  main  backbone  of  the  island,  which  lies  on  the  line 
of  its  longer  axis.  The  highest  points  on  this  range  were  visited,  and 
tbe  altitude  was  found  to  approximate  1,400  feet.  Several  high  peaks 
are  gronped  together  aboat  five  miles  south  of  the  wharf,  being  on  the 
southern  side  of  the  line  of  the  longer  axis  of  the  island.  Three  of 
these  high  peaks,  lying  within  a  circuit  of  about  two  miles,  were  meas- 
ured. The  first  (Black  Mountain)  measured  1,325  feet.  Crossing  over 
a  depression  350  feet  below  the  first  summit,  rhyolite  and  white  bitu- 
mlnoas  slate  occurs.  The  nezt  peak  south  (Saddle  Mountain)  is  about 
100  feet  higher  than  the  first.  Between  this  point  and  the  hills  on  the 
southeasterly  side  of  tbe  OaQada  la  Cruz  limestone  occurs  in  the  bed 
of  tbe  creek,  with  ostrea  titans  and  other  Miocene  fossils.  Southeast- 
erly from  Saddle  Mountain,  and  lying  between  OaSada  la  Gruz  and  the 
ocean,  there  is  an  intrusion  of  syenite,  the  extent  of  which  we  did  not 
ascertain;  nor  did  we  discover  the  line  of  juncture  between  the  Mio- 
cene and  Pliocene. 

On  the  north  side  of  the  island,  about  ten  miles  from  tbe  wharf,  and 
near  the  mouth  of  Soledad  OaQou,  there  is  a  fine  exposure  of  strata, 
consisting  of  about  90  feet  of  Post  Pliocene  deposit,  oontainiag  fossil 
bones  of  vertebrates,  and  at  one  place  fossil  physas,  at  a  depth  of  some 
75  feet  below  the  surface.  This  deposit  is  horizontal  and  overlies  strata 
of  older  rocks,  probably  Pliocene,  which  dip  13°  northeast,  and  oontahi 
Peetena  and  Turbinellaa  in  abundance.  From  this  point  to  the  north- 
western  extremity,  and  around  the  west  end  of  the  island  to  the  point 
where  the  main  range  of  mountains  meets  tbe  ocean,  the  shifting  sands 
have  covered  the  rocks,  obliterating  all  other  writings  of  time  in  tbe 
geologic  formation. 

ffistor}/. — The  first  written  account  of  this  island  and  its  inhabitants 
is  that  of  Juan  Bodrignez  de  Oabrillo,  a  Portuguese  navigator  in  tbe 
employ  of  Spain.  He  reached  this  group  of  islands  October  7, 1642, 
and  spent  nearly  six  months  here  and  on  the  main-land.  He  died  here 
and  was  buried  on  one  of  the  islands  on  the  south  side  of  Santa  Barbara 
Channel,  most  probably  San  Mignel. 

Cabrillo  describes  Santa  Bosa  Island  as  filled  with  inhabitants,  who 
differed  in  some  respects  from  those  living  on  the  main-land,  and  spoke 
a  different  language.  The  women  were  comparatively  white,  very  hand- 
some, and  of  retiring  and  modest  demeanor. 

The  cause  of  the  decline  and  final  extinction  of  this  race  Is  Tarioasly 


■  Cooc^lc 


318  SASTA  ROSA  II^AND. 

Stated.  The  old  Jesnits  of  Santa  Barbai«  MIsbIoq  informed  Mr.  Taylor 
tbat  a  ceotnry  ago  the  Unssians  were  in  the  habit  of  visiting  this  island 
for  the  for  of  the  sea-otter,  then  very  abnadaDt  here.  They  broaght 
with  them  natives  from  Alaalca,  whom  they  left  on  the  island  dnring 
the  winter  months,  having  taught  them  the  nae  of  fire-arms.  These 
fellows,  in  the  absence  of  the  Bassiao  ships,  amnsed.  themselves  in 
shooting  the  defenseless  inhabitants.  Mr.  Taylor  thought  tbat  in  this 
way  we  can  aocoant  for  thu  nomber  of  skelebooa  which  lie  exposed  in 
different  portions  of  the  island.  Another  account  is  that  the  Bassians 
themselves  hilled  them  off  in  vast  numbers  in  order  to  obtain  the  ftirs 
they  had  accnmnlated. 

Still  another  aocoant  is  to  the  effect  that  a  desttnotive  famine  pre- 
vailed, rednoiog  the  namber  from  many  thousands  to  a  few  score  of  in- 
dividuals. 

In  examining  their  burying-plaoes  we  found  many  skulls  which  had 
been  broken  by  violence,  bat  none  that  seemed  to  have  been  penetntted 
by  bullets.  This  was  especially  true  of  those  bnried  just  beneath  the 
surface.  But  as  other  tribes  inhabited  adjoining  islands,  they  were 
probably  sometimes  engaged  in  war,  which  may  aoeonnt  for  the  perfo- 
rated and  fractured  skalls.  A  famine  of  food  could  hardly  oooar^  as  the 
inhabitAots  depended  larsely  on  the  sea  to  yield  tbem  food.  Mollusks 
are  still  abundant,  as  well  as  whales,  sea-linns,  seals,  and  sea-ottars; 
also  various  kinds  of  fish  and  water-fowl.  The  only  possible  chance  for 
a  famine,  we  can  see,  would  be  in  the  drying  np  of  the  springs  and 
fresh-watra  streams,  now  abundant  in  the  island.  In  a  large  burying- 
place  in  the  western  portion  of  the  island  we  found  haman  bones  oocur- 
riug  near  the  surface,  which  were  broken  lengthwise,  as  if  to  extract 
the  marrow ;  and  in  the  same  place  we  found  the  skeletons  of  as  many 
as  fifty  children,  who  would  probably  be  the  first  to  die  in  case  of  a 
famine.  The  stumps  and  roota  of  many  trees,  indicating  about  the 
same  age,  may  be  still  seen  in  various  portions  of  the  island,  and  dead 
land-shells  {Selix  ayeraiana)  in  multiplied  millions,  all  of  which  must 
have  been  destroyed  by  a  long  drought  many  years  ago.  At  all  events, 
abont  the  year  1S16  the  inhabitants  of  this  island  were  reduced  to  a 
few  individuals,  and  were  removed  by  the  priests  of  the  Bomish  mis- 
sions to  the  main-land.  They  were  placed  in  the  mianon  of  the  Paris- 
sima,  in  the  western  part  of  what  is  now  Santa  Barbara  Gonnty.  One 
individual,  an  old  man,  and  the  last  anrvivor  of  his  tribe,  vae  visited 
by  Dr.  J.  L.  Ord  a  few  years  since.  This  man's  name  was  Omsett, 
and  he  said  his  tribe  was  called  Chumas.  When  visited  by  thedootor  (to 
whom  I  am  indebted  for  the  old  man's  narrative  respecting  bis  people), 
through  very  old  and  entirely  blind,  be  was  quite  intelligent,  and  spoke 
Spanish  fluently.  Ho  representol  his  tribe  as  being  very  numerous 
previous  to  the  advent  of  the  Spaniards.  They  were  strong,  well-built, 
good  swimmers,  and  fine  fishermen.  They  made  their  books  from  the 
shell  of  the  haliotia;  had  canoes  made  from  the  skins  of  sea-Uons,  and 
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also  from  tbe  pine  and  large  redvrond  logs  found  on  tbebeacli;  used 
spears  in  killiog  the  whale,  the  blubber  of  which  they  ate  raw.  Accord- 
ing to  this  old  Indian's  account,  their  idea  of  a  future  Btate  was  some- 
what obscnre.  Thap  worshiped  the  Ban,  the  crow,  and  the  sword&sh. 
The  sau  they  worshiped  morning  and  evening,  and  as  the  source  of 
light  and  beat.  The  sword-fisb  waa  worshiped  becanse  it  brought 
them  the  whale,  as  they  were  numerous,  and  united  with  the  "orca," 
•or  killer^  in  killing  or  driving  these  monsters  ashore.  Their  object  in 
worshiping  the  crow,  is  not  so  clear. 

Nearly  all  their  food  they  ate  raw,  it  being  principally  of  flah  and 
moUusks.  They  pitched  their  boats  with  asphaltum.  They  carried 
on  considerable  trade  in  shells  with  the  Indians  iu  the  interior,  who 
-wonld  manufacture  them  into  money  and  ornaments  that  were  highly 
prized  by  both  sexes,  especially  the  females.  The  language  spoken 
by  the  "  Ohumas"  was  different  from  that  spoken  on  the  main-land. 

AHtiquitiea. — A  large  portion  of  this  island  appears  as  a  vast  ranche- 
ria,  and  it  once  doabtless  supported  a  vast  population.  Just  west  of 
the  wharf  a  rancheria  begins  and  extends  for  the  distance  of  two  miles, 
stretching  across  a  point  of  land  which  projects  into  the  sea.  This  old 
village  or  rani^eria  has  an  average  width  of  about  one  mile.  The  sand 
has  drifted  over  it  in  many  places,  and  in  others  the  soil  has  been 
removed  by  westerly  winds  until  many  skeletons  are  exposed,  and 
human  bones  are  scattered  promiscuously  over  the  surface.  Some  idea 
may  be  formed  of  this  extensive  shell-beap  when  I  state  that  over  the 
entire  rancheria  sbclls,  bones,  and  other  kitchen  d4brU  have  accumu- 
lated to  the  depth  of  several  feet. 

Owing  to  the  luxurious  vegetation,  the  bnrial  places  were  not  readily 
foond,  but  those  examined  yielded  many  skeletons.  The  implements 
were  not  numerous,  and  were  generally  broken  when  buried.  The  in- 
habitants seem  to  have  been  an  indigent  race,  living  in  much  greater 
poverty  than  those  on  the  mainland.  Including  fossils  and  some 
alcoholic  specimens,  we  obtained  about  one  ton  of  specimens. 

The  specimens  from  the  graves  and  shell-heaps  consisted  of  mortars 
manufactured  from  sandstone;  one  oJIa carved  from  crystallized  talc  and 
used  for  cooking  purposes  ;  one  pipe,  cone-shaped,  and  about  six  inches 
long,  with  bone  month-piece  inserted  in  the  smaller  end ;  pestles  of  sand- 
stone ;  perforated  disks  from  the  size  of  a  silver  half-dollar  to  five  or  sis 
inches  in  diameter.  These  were  used  in  games.  It  required  either 
three  or  four  to  play  a  game  with  these  disks.  Two  individuals,  stand- 
ing at  a  given  distance,  rolled  the  disk  rapidly  upon  the  ground  between 
them,  while  one  or  two  others  stood  at  the  side  with  sharpened  sticks 
and  caught  the  disks  as  they  were  whirled  rapidly  by.  We  also  found 
a  conical  disk,  which  was  probably  used  in  spinning.  Spear-potnts, 
arrow-heads,  knives,  drills,  &c.,  of  chert  were  common.  We  found 
wampnm,  beads,  and  a  great  variety  of  ornaments  manufactured  from 
shells.    The  Olivella  hipllcata  is  used  from  which  to  manufactare  wfun- 
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pnm,  tbe  Pachydesma  orasgatelloides  for  beads,  and  the  Baliotis  for  orna- 
ments.  The  specimens  in  bone  were  principally  nliistles,  perforatorB, 
needles,  &c.  We  foand  a  bone  implement  some  eighteen  inches  long 
and  shaped  like  a  bntcher'a  cleaver  j  alBO  bone  Bwords  or  spears. 

Altbongh  more  than  sixty  years  have  elapsed  since  the  last  sarvivors 
left  this  island,  yet  tbe  material  of  which  their  hoases  were  constmcted 
remains  nndecayed.  A  circnlar  excavation  was  made  to  tbe  depth  of 
three  or  four  feet,  aroand  which  the  ribs  of  whales  were  planted  point- 
ing inward  at  the  top,  and  covered  with  "sea-grass."  Those  we  exam- 
ined had  fallen  inward,  and  the  bones  and  grass  were  covered  with  tZ^&m 
to  the  depth  of  a  foot  or  more,  but  perfectly  preserved.  In  many  in- 
stances they  had  used  the  circular  depressions,  where  these  dwellings 
had  been  erected,  for  burial  places. 

It  was  not  nnnsaal  to  find  the  teeth  very  irregnlarly  set  in  the  jaw, 
and  sometimes  an  extra  tooth  would  appear.  This  probably  gave  rise 
to  the  story  of  sknlls  having  been  found  on  this  island  with  double  rows 
of  teeth.  I  have  frequently  heard  this  related  of  the  lodiaoa  that  once 
inhabited  this  island  and  the  main-land,  but  after  exhuming  some  5,000 
skeletons,  daring  eight  or  nine  months'  explorations  in  this  portion  of 
California,  I  failed  to  meet  with  a  single  case  of  the  kind,  nor  have  I 
been  able  to  learn  of  a  well-authenticated  instance  of  snch  a  And.  Id 
some  instances  tbe  sknlls  indicated  great  longevity.  The  bones  were 
generally  large,  and  the  markings  of  tbe  masoalar  attachments  indi- 
cating a  very  stout  race  of  people. 
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By  Dr.  Thos.  A.  McParlin,  Surge->n,  United  Statu  Armg- 
[CcmmDiiicat«d  by  Oeneriil  J.  K.  Barnes,  SDTgeoD-Oeneral,  United  States  Ariu;.) 


HI8TOBT  OF  NEW  MEXICO. 

What  is  now  knowQ  as  ISew  Mexico  has  had  a  varied  history.  First, 
the  home  of  nomadic  Indians,  perhaps  as  peaceable,  loviDg,  and  tracta- 
ble as  those  first  described  by  Columbus.  Gold  and  silver  and  the  quest 
of  precious  jewels,  like  the  Golden  Fleece,  brought  over  the  Spaniards, 
and  with  them  Mother  Ghurch,  In  1540  Francisco  Vasquez  Coroa- 
ado  came  to  the  conntry  with  an  expedition.  He  found  some  of  the 
Indians  nomadic,  and  others  living  in  settlements,  and  among  them  he 
describes  Cicnyd,  extending  along  the  river  for  six  miles,  and  the  soil 
cultivated  by  the  Indians,  from  the  mountains  as  far  west  as  the  present 
town  of  AguaPria.  This  pueblo  and  cultivated  valley  correspond  with 
what  was  afterward  named  after  the  patron  saint,  San  Francisco  de 
Asia  de  Santa  F^.  As  it  is  at  least  four  hundred  years  old  as  a  town, 
(how  much  older  it  may  be  there  are  no  means  of  determining,)  it  is 
much  older  than  San  Augustine,  Fla.,  founded  iu  1565,  or  any  other 
town  on  this  continent. 

lo  1546,  during  the  empire  of  Charles  V,  it  waa  determined  to  encour- 
age the  settlement  of  the  Indians  in  towns  In  order  to  protect  the  Pn- 
eblo  Indians.  N^ew  Mexican  Pueblo  traditions  accredit  Montezuma  with 
baving  gone  sou*^h  from  this  Territory,  and  with  his  people  the  substan- 
tial  evidences  of  gold  and  precious  minerals  gave  the  Mexicans  and 
their  conquerors,  under  Gortez,  the  information  that  their  gold  came 
from  the  north,  and  with  precious  minerals  existed  here  in  great  quan- 
tities. 

The  Indians  were  compelltid  by  the  Spaniards  of  this  country  to  dig 
the  mines  in  all  parts  of  the  Territory,  to  carry  water,  and  pack  ores  and 
fuel  on  their  backs  t«  the  fnrnaces ;  and  in  consequence,  after  the  rebel- 
lion in  1680,  when  they  drove  the  Spaniards  ont,  they  filled  up  and  care- 
fully concealed  all  evidences  and  traces  of  the  mines  they  had  worked 
so  successfully.  When  in  1704  the  Spaniards  revisited  New  Mexico, 
the  Pueblos  entered  into  a  compromise  "  by  which  the  Spaniards  were 
I)ermitted  to  return,  but  with  the  positive  and  express  condition  that 
they  should  not  open  the  mines  or  prosecute  mining  as  a  pnrsait." 

Hence  it  is  probable  that  the  richest  mines  in  this  country  are  yet  to 

be  discovered ;  and  it  is  certain  that  but  for  the  scarcity  of  water  very 

many  now  known,  but  only  imperfectly  worked,  would  be  very  prodoct- 

ive.    The  records  of  the  ancient  mine  near  Abiquin,  derived  from  an 
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old  cburch  near  by,  show  tbat  10  per  cent,  in  tithes  collected  from  it 
amounted  to  $10,000,000.  No  mining  of  any  extent  has  been  proaecated 
in  this  mine  since  1680.  Gold,  silver,  and  coal  and  torgnoise  are  found 
near  Santa  F^;  and  from  this  country  an  unusually  large  and  valaable 
tnrquoise  was  sent  to  the  Emperor. 

Pedro  de  Beralto  was  governor  in  1600 ;  in  1640  General  Arguello 
was  governor  and  captain-general,  resident  at  Santa  F6  aa  the  capital ; 
General  Ooucha,  iu  1650 ;  Henriqae  de  Abila  y  Pacheco,  in  1656 ;  Joau 
Francisco  Janio,  iu  1675;  Antonio  de  Otermin,  in  1680-'S3. 

The  Indians  rebelled  first  in  15S3  and  again  in  1680,  and  on  the  night 
of  the  20th  August,  1680,  Otermin  evacuated  the  place  aud  marched 
to  EI  Paso,  arriving  there  October  1. 

Iu  1681  the  viceroy  at  Mexico  dispatched  General  Otermiu  from  El 
Paso  with  an  army  to  recapture  the  capital ;  but  after  reaching  La  Ba- 
jada,  21  miles  from  Bauta  F6,  he  gave  up  the  euterpriBe,  finding  the 
Paebloa  concentrated  to  resist  him.  In  1692  the  viceroy  commissioned 
Diego  de  Vargas  Zapata  Li^an  Ponce  de  Leon  as  governor  and  captain- 
general  of  New  Mexico,  who  fought  and  overcame  the  Pueblos  Septem- 
ber 13  of  that  year  and  entered  into  Santa  F6.  After  the  re-eatablish- 
ment  of  Spanish  supremacy  he  returned  to  El  Fofo,  reaching  there  De- 
cember 20, 1692,  and  returned  December  16, 1693,  to  Santa  F6,  where  his 
occupation  and  re-entry  was  disputed,  and  a  battle  was  fought  on  Christ- 
mas-day. The  next  day  he  took  formal  possession  of  Santa  F^,  in  the 
name  of  King  Charles  II. 

After  the  reconquest  by  the  Spaniards,  the  Pueblos  (twelve  towns 
on  the  Bio  Grande  or  in  the  vicinity)  made  their  submission  and  were 
'  subject  until  1837,  when  tbey  rebelled,  on  account  of  a  tax  on  tobacco 
a.nd  other  articles  laid  by  Governor  Albino  Perez.  After  fighting  a 
battle  with  the  Pueblos  at  Santa  Cruz  de  la  Canada,  he  was  beaten, 
returned  to  the  suburbs  of  Santa  F6,  where  be  was  overtaken  and  aa- 
saasinated,  August  9,  1837. 

In  1838,  Manuel  Armijo  was  recognized  as  governor,  and  continued 
ao  until  the  capital  waa  taken  possession  of,  in  the  name  of  the  Cnited 
States,  by  General  Stephen  W.  J.  Kearney,  U.  S.  A.,  August  18, 1846. 
General  Kearney  occupiM  the  palace,  a  building  uow  in  existence,  and 
which  was  erected  previous  to  the  year  1581,  being  built  then  of  mat«- 
rial  of  the  old  Indian  town,  (Gicuy^.)  Since  bis  time  it  has  been  occu- 
pied soccensively  by  Col.  John  M,  Washington,  Col.  John  Monroe  and 
Col.  E.  y,  Sumner,  as  military  governors,  until  March,  1851,  when  theex- 
isting  territorial  government  was  initiated. 

The  office  of  the  Secretary  of  State  contains  several  extended  docu- 
ments, in  Spanish,  upon  the  history  of  the  eonqueat,  occupation  and 
reconquest  of  the  country.  From  these  and  the  works  written  upon 
New  Mexico  by  Mr.  Elias  Brevoort,  Gov.  W.  F.  N.  Amy,  Mr.  D.  J. 
Miller,  and  General  Davis,  the  student  may  find  ample  material  foi 
interesting  inquiry. 
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CLIMATOLOGY. 

Formerly  a  joDroey  across  tbe  plains,  a  distance  of  700  miles  from 
the  frontier  of  Missonrl,  requiring  a  life  in  the  open  air,  traveling  with 
a  wagon-train,  amid  hostile  Indians,  from  May  to  July,  was  necessary 
to  reach  Santa  F^.  Many  pulmonary  invalids  came  out,  livlDg  on  game 
and  buffalo-meat,  gradually  ascending  day  hy  day  to  tbe  level  of  8,000  feet 
in  the  Rocky  Mountains.  They  were  undoubtedly  in  tbe  great  majority 
of  cases  benefited,  while  many  recovered  from  threatened  consumption. 

Two  railroads  now  have  advanced  to  within  220  miles  of  Santa  F^,  at 
El  Moro,  near  Trioidad,  and  it  is  expected  that  by  May  1, 1877,  the  Den- 
ver and  Bio  Grande  Kailroad  will  be  completed  to  Fort  Garland,  15li 
miles  from  Santa  F^.  The  line  of  daily  stages  now  runs  from  Santa  Ff> 
to  El  Moro  in  36  hours. 

N^ow  the  traveler  passes  over  the  plains  on  the  railroad,  and  at  once 
begins  traversing  the  Baton  Mountain  chain  and  then  the  spurs  of  tbe 
Bocky  Mountains.  The  old-fashioned  trip  across  the  plains  is  deprived 
of  many  advantages  to  the  invalid  above  mentioned ;  although  in  some 
cases  it  is  (especially  to  tbe  timid  valetudinarian)  compensated  by  an 
earlier  and  more  comfortable  transit. 

The  altitude  of  Las  Animas,  (Fort  Lyon,)  4,000  feet,  and  of  Trinidad, 
5,000  feet  above  the  sea,  has  been  quite  beneficial  to  snch  as  require  a 
gradual  approach  to  a  higher  level. 

They  are  accessible  by  railroad,  and  comfortable  accommodations  are 
to  be  had  at  both  places. 

After  reaching  Fort  Garland,  nearly  8,000  feet  above  the  sea,  or 
Santa  F^,  6,846  feet,  any  less  degree  of  elevation  can  be  obtained  by 
going  southward  down  the  valley  of  the  Bio  Grande  toward  Ei  Faeo, 
3,600  feet  of  altitude;  and  at  every  step  soathward  a  milder  summer 
climate  will  be  found. 

A  portion  of  New  Mesico,  tbe  Mesilla  Valley,  acquired  in  1848  under 
the  Gadsden  treaty,  has  of  late  years  developed  featnres  of  nnnsnal 
interest  on  account  of  its  mines,  minerals,  pasturage,  fertility  ond 
climate.  It  is  between  tbe  thirty-third  and  thirty-first  and  a  half  par- 
allels of  latitude,  is  about  70  miles  long,  from  1  to  C  miles  wide,  and 
contains  about  280  square  miles ;  embracing  the  towns  of  Dona  Ana, 
{population  1,000,)  Las  Oruces,  (2,000,)  Mesilla,  (2,000,)  and  others  of  less 
size. 

The  air  is  mild,  snow  being  very  rarely  seen,  with  a  bright  daily  sun- 
shine in  about  3GU  days  of  the  year.  Vegetation  dries  rather  than  rots ; 
meat  is  cured  without  salt  in  the  open  air ;  and  it  presents  to  tbe  inva- 
lid the  advantages  of  a  very  moderate  altitude,  varying  from  about 
4,000  feet  near  the  Rio  Grande  to  about  7,000  feet  in  the  high  cattle-ranges 
of  the  Guadaloape  and  other  mountains.  TUe  valley  is  protected  by 
the  mountains  from  tbe  cold  winds  prevailing  from  the  north. 

1  know  of  one  asthmatic  patient  who  abandoned  the  Pacific  const  to 
join  a  friend  in  Mesilla,  who,  similarly  affected  in  every  other  locality. 
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h.id  wauted  bim  to  join  him.  His  friend  had  secured  the  desired 
climntic  relief  and  talien  ap  his  residence  there. 

The  dryness  of  the  air  in  the  Lower  Kio  Grande  and  Mesilhi  I  have 
no  doubt  is  not  exaggerated.  During  the  past  year  I  had  occasion  to 
sec  the  body  of  an  indivldaul  who  died  on  tlie  southern  plains  (of  starva- 
tion, it  is  said)  several  (perhaps  seven)  years  ago.  The  body  was  found 
some  time  after  death,  and  had  been  buried  near  Fort  Craig.  It  was 
disinterred  for  removal  to  the  national  cemetery  hero  in  1875,  and  pre- 
sented a  remarliable  preservation  by  desiccation.  The  process  it  bad 
nudergone  was  what  I  would  term  mnmmiGcatioQ,  and  reminded  me 
of  the  accounts  of  what  occurs  to  the  bodies  of  the  dead  when  aban- 
doned iu  the  deserts  of  Ljbia  or  Arabia. 

The  Mesilla  Valley  is  said  to  produce  a  flue  variety  of  grape,  with 
juices  heavier  than  from  the  grapes  of  Madeira  and  Portugal,  as  the 
grapes  remain  on  the  vine  until  they  commence  to  dry  before  being 
pressed ;  and  the  wort  contains  as  much  sugar  as  the  sweetest  of  Mal- 
aga, (Brevoort.)  When  dried,  they  make  a  good  raisin.  The  almond- 
tree,  peach,  apple,  pear,  quince,  apricot,  are  raised  there,  and  all  kinds 
of  garden-plants;  and  probably  game  is  as  abundant  as  elsewhere  in 
the  country. 

Mesilla  may,  I  think,  be  considered  a  very  fiivorablo  locality  for  pal- 
mouary  invalids.  The  trip  across  the  plains  and  to  New  Mexico  may 
■  be  contrasted  and  compared  with  interest  to  the  invalid  with  that  which 
might  be  experienced  in  old  Mexico.  The  journey  from  Vera  Cruz  to 
Mexico  is  made  by  rail  in  fifteen  hours.  The  ascent  is  7,459  feet,  (to 
the  highest  point  on  the  road  8,318  feet,)  and  is  made  in  ten  hours. 
"Many  travelers,  though  in  health,  (says  Prof.  E,  R.  Peaslee,)  experi- 
ence a  decided  dyspnoea  on  reaching  these  altitudes,  espipcially  in  mak- 
ing any  considerable  exertion,  ou  account  of  the  rarefaction  of  the 
atmosphere,  though  no  amount  of  effort  produces  much  sensible  per- 
spirsition,  Tho  consequences  in  cases  of  pulmonary  emphysema  or 
asthma  dependent  upon  cnrdiac  affections  are,  as  might  be  expected, 
not  favorable.  Asthma  depending  ou  derangement  of  the  stomach, 
however,  is  sometimes  cured.  Chronic  bronchitis  also  is  not  likely  to 
be  relieved  at  this  altitude,  combined  with  the  dampness  I  have  men- 
tioned.* 

But  all  these  are  alleviated  by  a  residence  at  a  lower  altitude,  the 
point  suitable  for  such  cases  being  found  at  Vera  Cruz  or  between  that 
city  and  the  altitude  of  Cordovii  or  Orizaba,  i.  e.  2,700  to  4,000  feet. 
(New  York  Medical  Record,  No.  286,  April  29, 1876,  p.  291.) 

The  situation  of  the  Mexican  peninsula  between  the  Atlantic  and  Pa- 
cific Oceans,  and  the  nearness  of  all  its  cities  to  one  or  other  ocean,  is 
very  different,  however,  from  that  of  theinland  nature  of  New  Mexico; 

.'  The  present  oity  of  Mexico  was  built  upon  gronnds  formerly  oovered  by  Lake 
Tezcnco,  and  into  which  it  is  drained.    (See  New  Yoik  Medioai  liccord,  April  27, 1876 
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and  espi'cially  in  the  dryness  of  the  atmosphere  of  oor  continent  is  tbe 
patient  interested. 

With  all  the  dampness  found  at  the  city  of  Mexico,  it  is  stated  by  Dr. 
Peaslee  thaf'Ftithisis  i»  not  indigenous  in  that  city,  and  it  is  not  sel- 
dom arrested  in  those  who  come  here  from  the  north.  A  member  of  the 
Mexican  Congress  assured  me  that  the  natives  do  not  die  of  phthisis, 
and  that  the  lives  of  phthisical  patients  from  the  north  are  usnally  much 
prolonged  by  a  permanent  residence  here."  [Ibid.,  p.  291.)  Ue  thinks, 
however,  it  presents  no  special  advantage  to  phthisical  or  broochitio 
patients,  and  he  cannot  recomcnend  it  to  such  as  a  winter  residence. 

But  there  are  other  places  of  lower  altitude  in  this  coaotry  {Mexico) 
which  he  believes  to  be  fully  equal,  and  in  some  respects  even  superior, 
to  any  of  the  famous  resorts  abroad,  mentioning  '-Cordova  (altitude 
2,715 feet)andOrizabu,  (4,030  feet.)  both  presenting  a  tropical  climate 
and  all  its  productions  and  the  most  grand  and  picturesque  scenery. 
Cordova  has,  moreover,  sometimes  been  visited  by  yellow  fever.  Jalai)a 
also,  now  accessible  by  railroad,  is  doubtless  eqaal  to  either  of  these 
places  as  a  sanitarium  for  this  class  of  pn  tients,  and  as  a  residence  is  one 
of  the  most  beautiful  places  on  earth.  Its  great  humidity  may,  however, 
render  it  unsuitable  to  some  cases,  and  the  sudden  chill  of  the  northers 
must  also  be  guarded  against  in  these  places.  But  Cuernavaca,  60 
miles  south  of  Mexico  and  not  accessible  by  railroad,  has  an  altitude  of 
3,423  feet,  and  the  same  climate  and  productions  as  Orizaba,  and  is  far 
more  desirable.  In  addition  to  these,  Tetecala,  not  far  from  Cnerua- 
vaca ;  Atlixco,  23  miles  from  Fuebla,  and  Monterey,  are  mentioned  by 
Dr.  Peaslee,  though  the  latter  is  only  accessible  by  a  tedious  journey  by 
diligence." 

It  may  be  interesting  to  compare  with  the  climate  of  Mexico  that  of 
Colorado,  Utah,  H'ew  Mexico,  and  Texas.  Whatever  may  be  lost  of  the 
tropical  air  and  productions  as  we  go  northward  from  Mexico  may  be 
more  than  made  up  by  the  dryness  of  tbe  atmosphere,  a  short  wet  sea- 
son, and  dimiuisbed  rain-fall. 

In  some  localities  dust-storms  are  sufficiently  prevalent  to  be  prejndi- 
cial,  on  account  of  the  irritation  they  occasion  to  the  nirpassages.  In 
Texas  the  heat  of  summer  ia  extreme,  and  the  sudden  vicissitudes  of  tem- 
perature and  moisture  and  extreme  chill  produced  by  northers  are 
worse,  perhaps,  than  in  Mexico.  In  Utah  (see  £eport  of  Surgeon  E.  P. 
Vollum,  Circular  No.  8,  Surgeon -Gen  eral's  Office,  May  1, 1875,  p.  343)  the 
humidity  is  marked  iu  the  spring  months,  arising  from  the  winds  passing 
over  Great  Salt  Lake  from  the  northward,  bringing  the  watery  vapors 
not  only  from  that  great  body  of  water,  bat  also  from  the  regions  beyond, 
supplied  by  the  southwesterly  currents  that  are  seen  to  pass  over  at  a 
great  altitude  most  of  the  winter  long.  This  statement  is  true  as  to 
the  climate  of  Camp  Douglas,  2^  mites  east  of  Salt  Lake  City,  and  at  an 
altitude  of  4,904  feet  above  the  sea. 

"Great  Salt  Lake,  with  a  shore-line,  exclasive  of  offsets,  of  291  miles, 
is  vast  enough  to  furnish  a  horizon  in  places  like  the  ocean  itself." 
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In  Dr.  Vollum's  special  report  on  the  diaeasea  of  Utah,  (ihid.,  pp.  341- 
343,)  he  regards  the  altitude  and  climate  of  Utah  on  phthisis  aa  favor- 
able. •  •  "  If  a  case  comes  here  in  the  incipient  stage,  and  is  well 
Bitaated  for  comforts,  that  it  will  get  well  spontnoeonsly  from  the  bene- 
ficial effects  of  this  altitude  and  the  inland  dry  character  of  the  atmos- 
phere. It  is  the  boost  of  the  people  that  this  is  not  a  consamptive  conn- 
try,  which  is  my  opinion  decidedly.  On  the  other  hand,  it  is  believed 
that  if  a  patient  comes  here  in  the  later  stages  of  the  disease,  that  the 
atmosphere  is  too  rare  to  give  the  proper  snpport,  and  that  the  case  will 
be  hastened  to  a  termination  more  speedily  than  on  the  sea-coast.  •  • 
The  beneficial  influence  of  this  climate  on  asthma  is  decided  and  deserves 
a  prominent  mention.  It  is  also  the  boast  of  the  people,  aa  well  as  tbe 
physicians,  that  asthma  cannot  exist  here,  excepting  under  a  relieved 
ond  modified  condition ;  which  I  think  is  the  case." 

Very  many  invalids  are  attracted  annually  to  the  mineral-waters  of 
Maniton,  Colorado,  (6,370  feet  above  the  sea-level,  and  8,000  below  the 
summit  of  Pike's  Peak,}  where  there  are  several  springs  containing  car- 
bonic acid  and  carbonate  of  soda,  (as  tbe  Kavajoe,  Manitou,  and  Ute 
soda;)  purging  carbonated  sodU' waters,  modified  by  the  presence  of  sul- 
phate of  soda  and  potash,  as  the  "Little  Chief"  and  "  Shoshone j"  and  fer- 
ruginous carbonated  soda-waters  containing  carbonate  of  iron,  as  in  the 
"Iron  Ute^and  the  "Little Chief  mineral  springs. 

In  a  memoir  (Saint  Louis,  1875)  on  the  climate  of  this  region,  by  S. 
Edwin  Solly,  M.  R.  0.  8.,  (late  house  surgeon  to  St.  Thomas  Hos- 
pital, London,)  reference  is  made  to  the  decrease  of  pressure  in  a  rarefied 
atmosphere,  causing  a  diminutiou  of  the  gases  of  the  blood  and  lymph, 
and  this  probably  checks  the  advance  of  phthisis,  aa  unquestionably 
beneficial  in  certain  casea.  In  phthisis,  where  the  weakness  is  not  ex- 
cessive but  there  is  aufemia  and  want  of  assimilation,  a  high  elevation 
with  a  moderate  snpply  of  stimulants  and  a  course  of  cold  douches  is 
generally  beneficial.  The  greater  dryness  of  mountaiu  air  acta  bene- 
ficially on  phthisis,  probably  for  the  most  part  in  the  manner  indicated 
by  Dr.  Herman  Weber ;  "We  may  here  mention  that  althoagh  the  loss 
of  moisture  to  the  whole  organism  may  not  be  greater  in  high  than  iu 
low  elevations,  yet  the  acknowledged  greater  loss  through  tite  lungs  may 
be  accompanied  by  local  effects  in  certain  morbid  conditions  of  tbe  res- 
piratory organs,  as  well  as  by  producing  a  more  active  circalation  in  tbe 
lungs  in  order  to  supply  the  required  moisture,  as  also  by  favoring  a 
kind  of  drying  up  of  surface,  secreting  a  morbid  amount  of  mucus  and 
pas,  and  also  of  moist  exudations  within  the  tissue.  .  Possibly  the  im- 
provement iu  many  cases  of  chronic  catarrhal  pnenmooia  may  be  pro- 
duced by  this  increased  afflux  of  blood  and  increased  loss  of  moisture.'' 

"Very  highly  situated  places  are  adapted  for  winter  treatment  (of 
phthisis)  on  account  of  the  greater  number  of  clear  days."  (Braun.) 
And  for  another  reason  they  are  specially  desirable  in  the  winter;  be- 
cause in  high  elevations  there  is  less  moisture  during  the  winter  than  at 
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any  other  eeason  of  the  year,  and  therefore  the  air  being  dry,  the  greater 
aotaal  cold  than  in  lower  climates  is  felt  less  severely,  and  if  the  body 
is  warmly  clad  the  lowness of  the  temperatare  exerts  only  its  tonic  inflo- 
eDce.  The  air  being  rarefied,  the  san  has  a  much  greater  ioflaence,  be- 
iag  more  constantly  visible  ia  monntaiaoas  districts,  and  enables  the 
enfeebled  invalid  to  spend  several  hours  almost  daily  in  the  snushine 
with  very  great  advantage.  (Page  32,  "  ManlCou,  Colorado,  U.  S.  A.; 
its  mineral-waters  and  climate."  Saint  Louis,  J.  McKittrick  &  Co., 
1875.) 

Dr.  Solly  refers  to  the  fact  that  oxygen  is  essential  to  procnre  change 
of  sabstance,  and  as  it  diminishes  in  proportion  to  the  elevation  above 
sea-level,  it  might  be  supposed  that  healthy  change  of  substance  would 
be  retarded  in  mountain  air ;  "  bnt  this,"  he  adds,  "  is  practically  found 
to  be  otherwise,  and  the  reason  doubtless  is  that,  as  only  about  25  per 
cent  of  oxygen  is  on  an  average  used  in  respiration,  there  is  probably 
more  than  sufficient  oxygen  at  any  height  that  has  as  yet  been  attained 
by  man.** 

The  discussion  as  to  the  gases  of  the  blood,  their  ratio  to  other  con- 
Btitaents,  condition  of  the  oxygen  as  free,  mechanically  dissolved  there- 
in, or  chemically  combined,  or  both,  I  have  no  disposition  to  continue; 
bat  in  so  far  as  atmospheric  pressure  may  be  considered  an  important 
cause  of  variation,  we  have  the  statement  of  Lehman  (Physiological 
Chemistry,  vol.  1,  p.  672)  that  "  Liebig  is  certainly  in  the  right  when 
he  advances  the  proposition  that  *  a  gas  can  only  be  considered  as  me- 
chanically absorbed  when  its  qnantity  increases  and  diminislies  in  pro- 
portion to  the  external  pressure.'"  We  think  we  are  justified  in  conclud- 
ing with  Liebig  that  the  qnantity  of  oxygen  which  may  be  absorbetl  by 
the  blood  is  constant  iu  amonnt,  and,  to  a  certain  extent,  indei>endent 
of  external  pressure — an  opinion  which  is  based  partly  on  the  fact  that 
the  respiratory  process  is  carried  on  nearly  the  same,  both  at  very  great 
heights  and  at  the  level  of  the  sea;  and  that  no  more  oxygen  is  absorbed, 
even  in  an  air  very  rick  in  oxygen,  than  in  the  ordinary  atmosphere."  A 
certain  amoant  of  mechanical  difQoulty,  labored  respiration,  on  ascend- 
ing heights  rapidly  is  generally  experienced.  At  the  same  time,  the 
very  great  strain  pat  upon  the  muscles  of  locomotion  causes  pain  in  the 
limbs.  We  have  no  reason  tA  expect  the  muscles  of  respiration  to  bear 
undue  exercise  and  strain  withoat  fatigue,  and  it  very  probably  contiib- 
Qtes  largely  to  what  is  known  as  dyspncea,  which  is  exi>erienced  as 
severely  after  rapid  running  any  distance  upon  a  plain.  The  question 
might  be  asked  to  what  extent  a  diminished  atmospheric  pressure  might 
facilitate  the  escape  of  carbonic  acid  from  the  lungs  1  May  it  not  be  far 
more  important  to  free  the  blood  rapidly  of  its  carbonic  acid,  which  is 
poisonous,  than  to  inhale  and  accumulate  oxygen  in  excess  of  the  need 
of  the  system  and  the  chemical  capacity  of  the  blood  to  ntilizel 

The  extent  to  which  diminished  pressure  alone  may  affect  respiration 
can  best  be  determined  by  the  aSronant,  who  reaches  a  height  without 
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physical  fatigue.  He  does  ao,  boweyer,  at  a  very  rapid  ratet  and  a 
qnickened respiration  ia  the  result.  Dyspncea  (besoio  derespirer) results 
from  any  change  of  accustomed  relations  between  the  lungs  aud  the  air 
to  be  respired.  It  occurs  iu  pre^anoy ;  (in  dropsical  aocumulatioos, 
abdominal  or  thoracic,  which  obstruct  the  expansion  of  the  chest  and 
lungB,  and  limit  the  free  play  of  the  muscles  of  respiration  and  fatigue 
them.)  Ejiotional  disturbances,  nervous  perturbations,  and  mental  anx- 
iety cause  it,  as  well  as  any  undue  physical  labor  or  unwonted  exertion. 

That  the  respiration  of  an  atmosphere  of  8,000  feet  above  sea-lerel 
need  not  necessarily  involve  dyspnoea  in  an  individual,  I  know  firom  per- 
sonal experience.  I  visited  this  country,  ascending  8,000  feet,  in  1849, 
and  lived  at  an  elevation  of  between  6,700  and  7,000  feet  for  three  years. 
Again,  in  the  past  year  (18T5)  I  revisited  Kew  Mexico,  and  I  faave  never 
detected  in  myself  any  disturbance  of  respiration  as  the  effect  of  this 
altitude — not  even  a  quickened  respiration.  I  am  not  unmindful  of  the 
fact,  however,  that  another  person  may  have  a  different  experience,  bat 
it  may,  perhaps,  be  attributable  to  other  causes  than  altitude,  or  as  com- 
bined with  it. 

The  arnount  of  oxygen  present  available  for  respiration  may  be  in  some 
degree  dependent  upon  the  stagnation  or  relative  movement  of  the  air. 
A  moveless  atmosphere  becomes  very  oppressive,  and  perhaps  is  most 
prevalent  in  low  countries.  The  movement'  of  the  air  is,  as  a  tale, 
greater  in  the  mountains  and  high  altltndes  generally.  1  invite  atten- 
tion iu  this  connection  to  the  Chief  Bignal-Offloer's  remarks  for  October, 
1874,  (page  285,  report  for  1875 :]  "  The  extreme  maximam  movements 
of  the  wind  have  been,  at  Breckenridge,  7,G50  miles  ;  at  Oape  Henry, 
9,147 ;  Cape  May,  6,907 ;  Cleveland,  7,281 ;  Escanaba,  Micli.,  7,217 ; 
Long  Branch,  9,243;  Pike's  Peak,  14,734;  Sandy  Hook,  10,917.  The 
extreme  minimum  movements  have  been,  at  Memphis,  1,700,  and  at 
Shreveport,  1,886.  The  calm  area  is  therefore  coterminous  with  that  of 
high  pressure." 

That  high  temperature  produces  oppression  in  breathing  is  evidenced 
in  the  East  Indies  both  in  the  periods  of  calm  and  daring  the  prevalenceot 
the  hot  winds,  especially  when,  as  happens  in  midsammer,  the  thermome- 
ter reads  higher  at  night  than  in  the  day-time.  At  Nowshera,  in  18G7,  the 
condition  of  the  troops  is  described  as  "  gasping  for  breath.  There  was 
a  peculiarfeeling  of  weight  on  the  chest,  even  in  the  apparently  healthy; 
and  after  every  20  inspirations,  or  thereabout,  a  strong  and  convulsive 
effort  was  necessary  to  inflate  the  lungs.  •  *  •  When  the  cause, 
viz.,  prolonged  high  temperature,  was  removed,  an  almost  iustantaneoas 
return  to  health  (in  cases  of  insolation)  was  tbe  result."  (British  Army 
Med,  Dept.  Eeport  for  1868,  Appendix  No.  X,  pp.  296,  297,  by  Aast. 
Surg.  Staples,  19th  Regt.) 

"  In  the  same  way  that  we  cannot  endare  either  constant  dryness  or 
dampness,  so  we  cannot  endure  a  very  constant  state  of  the  barometer 
vithout  suffering  in  our  breathing  or  nerves.    In  fact,  there  is  little 


NOTES  ON  HISTOBY  AND   CLIMATE  OF  NEW  MEXICO.      329 

doubt  that  rapid  ohtuiges  of  tbe  barometer  are  more  favorable  for  tlie 
more  important  fnoctious  of  life  than  its  relative  stability;  aud  tbis 
probably  explains  in  a  measare  tbe  value  of  both  inoaDtain  and  sea  air." 
it  also  explains  the  benefit  experienced  frequently  by  confirmed  invalids 
in  a  change  from  intand  to  sea-sbore,  or  from  mountain  to  sea-levfl,  or 
vice  versa. 

Dr.  Holland,  in  his  '*  Medical  Notes  and  Keflectioos,"  expresses  the 
opinion  "that  the  action  of  different  degrees  of  atmospheric  pressure  in 
distnrbiDg  the  bodily  functions  and  general  health  is  rather  derived  from 
the  frequency  of  fluctuation  than  from  any  state  long  continued  either 
above  or  below  the  average  standard;  that  of  the  two  conditions,  sud- 
denly incurred,  the  human  frame  i&better  capable  of  withstanding  a  rarefied 
than  a  condensed  atmosphere;  and  that,  in  either  case,  tbe  previous 
health  and  proneness  to  disorder  in  particular  orgins  are  gn-ally  con- 
cerned in  determining  the  results  on  the  body." 

He  supports  some  of  these  views  from  the  fact  that  "  there  are  in- 
habited places  in  America,  such  as  tbe  town  of  Fotosi,  at  an  elevation 
of  more  than  13,000  feet,  tbe  inhabitants  of  which  seem  to  have  tolerable 
health."  (Medical  Times  and  Gazette,  London,  September  9,  1876,  p. 
299.} 

At  all  elevated  places  the  diurnal  variations,  barometric  and  tber- 
inometric,  are  sufficiently  great  to  meet  the  demands  of  the  economy  for 
change,  and  tliese  are  augmented  agreeably,  and  changed  again,  witb 
the  months  and  seasons  as  they  come.  At  the  same  time  the  extremes 
of  temperature  are  not  experienced  in  high  as  in  low  altitudes;  cer- 
tainly the  mountains  are  devoid  of  the  intenseheatofothermore  northern 
but  lower  localities. 

The  annual  range  of  the  thermometer  at  some  places  otherwise 
favorable  becomes  too  exc-jssive  to  be  compatible  with  health  in  weak 
constitutions.  At  some  low  places  the  long  continnance  of  summer- 
heat  debilitates  so  greatly  that  months  pass  before  normal  vigor  is 
regained.  Extreme  heat  of  long  continuance  involves  even  fatal  pros- 
tration in  a  very  few  hours  when  the  action  of  the  skin  is  suspended, 
(insolation ;)  and  this  may  occur  in  localities  where,  in  a-  few  months, 
an  almost  Arctic  rigor  is  experienced.  We  fail  to  find  in  the  mountains 
such  experiences  or  such  results ;  on  the  contrary,  the  air  is  invigorat* 
ing  and  bracing  at  all  seasons  under  conditions  that  prevail  elsewhere, 
and  not  involving  extreme  exposure. 

The  contrast  Is  particularly  noticeable  in  India  between  the  low  plains 
and  the  hill  stations. 

We  find  the  Savoyard,  the  Swiss,  and  the  residents  of  mountains 
generally,  of  our  time,  as  hardy  as  the  mountaineers  of  history.  They 
do  not  degenerate  at  home,  nor  until  they  migrate  to  the  lowlands. 
The  inhabitants  of  Georgia,  Giroassia,  and  Gashmeie,  and  the  hill  tribes 
of  India  are  a  superior  race.  The  Arabs  and  Abyasinians  on  the  elevated 
lands  of  the  desert  and  on  the  sides  of  the  mountains  from  which  the 
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ISile  (lesceads  present  a  strikiDg  saperiority  over  the  people  of  lower 
Egypt.  Tbeir  Eery  life,  love  of  liberty,  and  warlike  genins  place  them 
immeaaarably  above  the  "  Fellahs."  The  recent  war  against  the  Abys- 
siniana  has  deoionHtrated  anew  the  vigor  and  valor  of  their  race. 

The  haman  race  baa  not  only  degenerated  by  dwelling  in  low,  nu- 
healthy  places,  bat  it  is  again  and  again  decimated  by  the  pestilences 
generated  in  them.  £u  the  language  of  Dr.  Farr,  "  It  is  destroyed  now 
periodically  by  five  pestilences — cholera,  remittent  fever,  yellow  fever, 
glandular  plagne,  and  influenza.  The  origin  or  chief  seat  of  the  first  is 
the  Delta  of  the  Ganges.  Of  the  second,  the  African  and  other  tropical 
coasts.  Of  the  third,  the  low  west  coast  around  the  Gulf  of  Mexico,  or 
the  Delta  of  the  Mississippi,  and  the  West  India  Islands.  Of  the  foiirtb, 
the  Delta  of  the  Kile  and  the  low  sea-side  of  cities  of  the  Mediterranean. 
Of  the  generating  field  of  infinenza  nothing  certain  is  known ;  but 
•  "  •  the  four  great  pestilential  diseases — cholera,  yellow  fever,  re- 
mittent fever,  and  plague — have  this  property  in  common :  that  they 
begin  and  are  most  fatal  in  low  grounds;  that  their  fatality  diminishes 
in  ascending  the  rivers  and  is  inconsiderable  around  the  river  sources, 
except  under  such  peculiar  circumstances  as  are  met  with  at  Erzeroam, 
where  the  features  of  a  marshy  sea-side  city  are  seen  at  the  foot  of 
Ihe  mountain  cb  aiu  of  Ararat.  Safety  is  found  in  flight  to  the  bills." 
•  •  •  •  •  •  • 

In  treating  upon  the  "  salubrity  of  high  places,"  he  refers  to  the  influ- 
3nce  of  locality  on  race,  of  the  sanitary  instinct,  the  effect  of  the  high 
land,  and  the  sight  of  the  hills  on  the  energies  of  the  sick,  the  longevity 
of  the  inbabitants  of  various  places,  the  effect  of  healthy  places  on  the 
breed  of  animals,  the  degeneration  of  race  in  unhealthy  places,  the  time 
required  to  produce  degeneration  and  degradation  of  race. 

It  is,  x>erhap8,  well  for  us,  as  individuals,  to  revert  to  such  historic 
facts  as  he  presents  in  terms  of  classic  elegance,  and  it  is,  I  trust,  cog- 
nate to  the  subject  we  have  in  hand.  "  As  the  power  of  the  Egyptians 
descended  from  the  Thebaid  to  Memphis,  from  Memphis  to  Sals,  they 
gradually  degenerated,  notwithstaudiog  the  elevation  of  their  towns 
above  the  high  waters  of  the  Site,  their  hygienic  laws  and  the  hydro- 
graphical  and  other  sanitary  arrangements  which  made  the  country 
renowned,  justly  or  unjustly,  for  its  salubrity  in  the  days  of  Heroditus, 
the  poison  of  the  Delta  in  every  time  of  weakness  and  successful  inva- 
sion gradually  gained  the  ascendancy,  and  as  the  cities  declined  the 
canals  and  the  embalmments  of  the  dead  were  neglected,  the  plague 
gained  ground.  The  people,  subjugated  by  Persians,  Greeks,  Bomans, 
Turks,  Mamelukes,  became  what  they  have  been  for  centuries,  and  what 
they  are  in  the  present  day.  Every  race  that  settled  in  the  Delta  de- 
generated and  was  only  sustained  by  immigration.  So,  likewise,  the 
populations  on  the  sites  of  all  the  city<states  of  antiquity,  on  the  coast 
of  Syria,  Asia  Minor,  Africa,  Italy,  seated  like  the  people  of  Bome  on 
low  ground  under  the  ruin-elad  bills  of  their  ancestors,  within  reach  of 
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fever  and  plague,  are  enervated  and  debased  apparently  beyond  redemp- 
tion. 

<*  The  liistory  of  the  nations  on  the  Mediterranean,  on  the  plains  of  the 
Euphrates  and  the  Tigris,  the  deltas  of  the  Indus  and  Ghtnges,  and  the 
rivers  of  China,  exhibit  this  great  fact:  The  gradual  descent  of  races 
iioai  the  highlands,  their  establishment  on  the  coasts  in  cities  sustained 
and  refreshed  for  a  season  by  immigration  from  the  interior,  their  degra- 
dation in  successive  generations  ander  the  influence  of  the  nnUealthy 
earth,  and  their  final  ruin,  effacement,  or  subjugation  by  new  races  of 
conquerors.  The  causes  that  destroy  individual  men  lay  cities  waste, 
which,  in  their  nature,  are  immortal,  and  silently  nodermine  eternal 
empires. 

"Oatbe  highlands  men  feel  the  loftiest  emotions.  Every  tradition 
places  their  origin  there.  The  first  nations  worshipped  there.  High  on 
the  Indian  Caucasus,  on  Olympns,  and  on  other  lofty  moontaius  the 
Indians  and  the  Greeks  imagined  the  abodes  of  their  highest  gods,  while 
they  peopled  the  low  underground  regions,  the  grave-land  of  mortality, 
with  infernal  deities.  Their  myths  have  a  deep  siguificatiou.  Man  feels 
his  immortality  iu  the  hills."  (Page  xciv,  Keport  of  William  Farr, 
esq.,  to  the  Begistrar-General  of  England.  Loudon,  1852. 

The  climate  of  Kansas,  so  fur  as  my  experience  of  it  may  warrant  an 
opinion— and  I  have  served  there  in  1849, 18S7, 1858, 1873, 1874, 1875— 
is  not  favorable  to  pulmonary  invalids.  TUey  should  go  out  on  the  plains 
and  gradually  work  their  way  to  the  moantains.  Neither  can  Irecommend 
Texas,  unless  it  may  be  the  region  near  San  Antonio,  which  is  said  to  be 
favorable.  San  Antonio  is,  however,  liable  to  choleraic  viBitations,  and, 
being  a  limestone  region,  the  fatality  is  extreme.  I  have  seen  pnlmonary 
invalids  visit  New  Orleans  and  very  rapidly  decline,  I  suppose  on  account 
of  the  excessive  hnmidlty.  . 

Of  Colorado  I  have  no  experience.  It  resembles  the  climate  of  New 
Mexico,  but  is  to  the  north  of  it,  and  may  be  inclement. 

Of  New  Mexico  there  ate  certain  features  worthy  of  consideration  by 
invalids  and  their  advisers. 

I.  The  dryness  of  the  atmosphere  associated  with  elevation  above  sea- 
level  to  be  found  at  any  elevation  desired,  in  localities  ranging  from 
3,600  to  8,000  feet. 

The  dryness  of  all  mountain  regions  is  acknowledged.  The  range 
of  moantains  in  Colorado  has  this  excellence  in  common  with  those  of 
New  Mexico. 

By  reference  to  the  report  of  the  Chief  Signal-OfiBcer  of  the  Army  for 
Janaary,  1875,  it  will  be  perceived  that  the  percentages  of  relative  hu- 
midity for  the  difl^rent  districts  average  as  follows:  New  England,  73 
per  cent. ;  Middle  Atlantic  States,  74 ;  South  Atlantic  States,  79j  Golf 
Stat«s,  82;  Lower  Lake  region,  79;  Upper  Lake  region,  70;  Ohio  Val- 
ley, Tennessee,  and  the  Northwest,  73.  As  usual,  the  mean  relative 
bnmidity  has  been  lowest  at  the  Eocky  Moantain  stations,  amonnting 
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to  .56  at  Denver  and  .51  at  Santa  M.  In  tbe  report  for  July,  1874,  p.  271, 
he  remarks :  "  The  relative  humidity  has  averaged  on  the  Oalf  and 
Sonth  and  East  Atlantic  States  76 ;  New  Jersey  coast,  85 ;  in  the  Lake 
region,  68;  Lower  Mississippi  Valley,  70;  in  the  Tennessee  and  the  Ohio 
and  Upper  Mississippi  Valleys,  62 ;  in  the  Lower  Missouri  Valley,  58 ;  at 
tbe  Bocky  Mountain  stations,  41."  I  extract  from  his  report  as  of 
IntereBt  the  following  data : 
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He  retnarks  for  June,  1875,  as  to  relnUve  bumidity :  ''  This  element 
averages  SO  per  cent,  for  the  immediate  coast  of  Sew  Jersey  and  Xew 
Englaud,  and  75  per  cent,  on  the  South  Atlantic  coast.  Elsewhere,  over 
nearly  the  entire  country  east  of  the  western  plains,  the  average  ia  from 
G5  to  70  per  cent-  It  is,  as  usual,  very  low  at  the  Rocky  Mountain 
statiODS,  being  33  per  cent,  at  Cheyenne,  39  at  Salt  Tmlie  City,  and  28 
at  Denver." 

The  rain-fall  in  inchea  for  Jane,  1875,  was,  for  Santa  F6, 0.33 ;  for  Den- 
ver, 0.43;  Salt  Lake  City,  0.90;  and  the  anonal  amount  of  rain-fall  for 
the  same  places  is  reported  at  16.68, 15.24,  and  20.24,  respectively.  For 
San  Francisco,  Cal.,  it  was  21.54;  for  Galveston,  Tex.,  46.66;  and  for 
New  Orleans,  74.98  inches. 

KBW  MEXICO. 

The  dryness  of  this  atmosphere  is  proverbial.  The  lands  are  culti- 
vated entirely  by  irrigation,  and  have  been  so  for  centuries.  The  tra- 
dition among  the  Tueblo  Indians,  as  given  by  Hosti,  is  that,  the  rain 
falling  less  and  less,  the  people  emigrated  to  the  southward  long  before 
the  Spaniards  arrived  in  the  country,  (the  visit  of  Coronado  was  made 
abont  1543,)  being  led  by  Montezuma,  a  powerful  man,  who  was  born  iu 
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Pecos  aud  had  settled  with  the  Faeblos  on  the  Bio  San  Jtian.  Monteznma 
waa  to  retnrn  and  lead  the  rest  of  the  Faeblos  also  to  the  soath,  but  he 
failed  to  come  back,  *  *  This  whole  tradition  accords  well  nith  an- 
otberlield  by  the  Aztecs,  in  old  Mexico,  when  Cortezeoteied  the  coantry 
of  Anabnac,  namely,  that  their  forefathers  came  (most  probably  at  the 
end  of  the  twelfth  centory)  from  the  north.  {Dr.  Oscar  Loew'a  report 
on  "  Bains  in  Kew  Mexico."]  It  is  probable  that  the  climate  has  be- 
come progressively  more  dry  as  time  has  elapsed,  from  evidences  of 
former  coltivation  which  would  be  now  impossible.  At  Quivira,  Dr. 
Loew  says,  "  when  Coronado  visited  this  province  it  was,  as  he  do- 
scribed  it,  very  fertile;  at  present  it  resembles  a  desert." 

At  similar  elevations  in  other  coautries  the  snow  would  nccumolate 
and  form  glaciers  upon  the  monntoins,  whence  an  ample  river-snpply 
of  water  woald  continnoall  the  summer,  Kothing  like  this  occurs  here, 
and  the  extremely  rapid  evaporation  in  this  dry  air  may  help  to  accoant 
tor  the  difterence. 

II,  Very  soon  after  my  arrival  in  Bew  Mexico,  in  October,  1875, 1  be- 
came aware  of  nnnsual  electrical  disturbances  around  me.  Severe  shocks 
ffere  experienced  on  tonehing  garments  of  wool  or  cotton  that  had  jnst 
been  taken  off,  and  if  at  night,  vivid  sparks  of  electricity  and  a  trail- 
ing line  of  light  wonld  follow  the  fingers  wbeu  passed  over  them.  The 
shaking  of  clothing,  to  free  it  from  dust,  or  friction  with  the  fingers 
over  a  sheet,  would  have  the  same  effect.  Upon  inquiry  I  found  others 
also  sensible  of  a  highly  electrical  condition  here.  The  telegraph  was 
disturbed  in  its  operations  by  excess  of  atmospheric  electricity,  aud  on 
inquiry  of  Mr,  Gongh,  the  agent  of  the  Western  Union  Telegraph  Line, 
he  was  happily  able  to  confirm  my  impressions  fh>ni  a  very  extended 
experience.  The  subject  became  one  of  almost  daily  inquiry  between 
ns  since  July  IS,  1S76 ;  and  at  my  request  he  has  furnished  me  a  writ- 
ten statement,  to  which  I  invite  special  attention. 

"  Office  of  Western  Union  Teleoraph  Company, 

"  Headquabxebs  Distbict  of  !Ng:w  Mexico, 

"  Santa  F4,  K.  Mem.,  December  12, 1876. 
"To  General  T.  A.  MoPaelik, 

"Burgeon,  U.  8.  A.; 
"  Ueab  Sib  :  In  reply  to  your  question  as  to  whether  I  have  noticed 
any  unusual  electrical  disturbances  on  the  telegraph-lines  in  this  region, 
I  would  respectfully  state  that  I  have  noticed  such  disturbances,  and 
that  in  character  and  frequency  they  are  very  remarkable,  and  really 
astonisliing,  and  such  as  in  a  seventeen  years'  experience  I  bave  noticed 
on  no  other  lines. 

"  From  aboat  the  middle  of  April  until  about  the  middle  of  October, 
between  tbe  hours  of  10  a.  m.  and  5  p.  m.,  these  disturbances  are  most 
frequent,  and  render  the  working  of  the  line  almost  imposaible. 
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-'  Oil  my  operating-table  I  have  a  galvauooieter.  The  regular  battery 
or  artificial  carrent  on  the  wire  de&ects  tbe  needle  from  tbe  north  to  east 
60°  to  65° — a  steady,  uniform  deflection.  Daring  these  eleetrical  pheno- 
menatbeneedle  commences  to  become  unsteady,  poiutioglO,  30, 50, 70,  and 

00  degrees  eaot.    The  flow  will  increase  to  snch  tremendous  quantity  that 

1  have  frequently  opened  my  key  an  eighth  of  an  inch,  {which  is  equiva- 
lent to  breaking  the  wire  and  separating  the  two  ends  by  that  distance,) 
when  the  flow  of  electricity  would  pasa  from  point  to  point  with  a  buzzing 
sonnd  and  an  intensely  brilliant  flame,  sometimes  of  a  blue,  sometimes  of 
a  purplish  color,  and  as  large  nearly  as  a  candle-flame.  At  such  times  I 
have  placed  tissue-paper  between  the  points,  when  It  woald  instantly 
commence  to  blaze.  Thict,  heavy  writing-paper  would  be  burned  com- 
pletely through,  but  would  not  blaze.  These  heavy  flows  will  Bometimes 
continue  for  honrs  with  but  little  variation,  at  others  in  one  instant  the 
flow  ceases  entirely ;  the  needle  of  tbe  galvanometer  drops  down  to  zero ; 
remaining  so  for  an  instant,  it  will  fly  back  to  80  or  90,  drop  down  to  10, 
20,  60 ;  the  next  instant  the  whole  artificial  or  battery  carrent  Is  neatral- 
ized  (so  to  speak)  by  a  tremendous  flow  of  an  apparently  different  polar- 
ization, as  the  needle  before  deflected  to  the  east  now  flows  roand  to  70, 
80,  or  90  degrees  to  tbe  west;  the  next  90  to  the  east,  agaia  at  zero, 
and  thus  never  steady  for  more  than  a  few  seconds  at  any  point.  I 
have  frequently  taken  off  all  the  artificial  batteries  entirely,  and  no  i>er- 
ceptible  difference  coald  be  noticed ;  at  one  moment  there  would  be  so 
much  electricity  that  in  trying  to  work  the  line  it  would  fuse  the  platina 
points  of  the  key,  and  in  the  next  instant  not  a  particle ;  and  at  no 
time,  either  with  or  without  the  artificial  batteries,  would  the  current 
be  stead;  long  enough  to  obtain  intelligible  signals  over  the  wire. 

"  Very  respectfully,  yonr  obedient  servant, 

JOSEPH  M.  aOtJGH, 
"  Manager  Western  Union  Telegraph  Cvmpany." 

iEeferriug  to  the  Signal  Service  Reports  last  published,  I  found  in  the 
Monthly  Reports  of  Weather  for  July,  1874,  and  August,  1874,  electri- 
cal phenomena  of  special  interest  as  connected  with  the  summit  of  Pike's 
Peak,  and  for  Janaary,  1875,  atmospheric  electricity  generally  com- 
mented npon  ;  and  a  special  extract  referring  to  an  extraordinary  elec- 
trical storm  observed  at  Santa  F6,  which  I  have  extracted  as  of  special 
interest  in  connection  with  the  subject  of  electrical  disturbances  and  dis- 
tribution in  this  and  other  mountain  regions.  Facts  like  these  shonld 
be  collated  and  fully  considered  if  it  be  determined  by  experience  that 
atmospheric  electricity  exerts  an  influence  upon  development  of  health 
or  disease. 

Extraets  from  Beport  qf  C'li^  Signal-Officer  for  1876. 
ELECTRICAL  PHENO:dENA. 

"The  local  storms  previously  referred  to  were  in  many  instances  ac- 
companied by  vivid  displays  of  lightning.    The  most  remarkable  series 
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of  thunder-storms  occarred  at  the  sammit  of  Pike'a  Peak  from  the  14tb 
to  the  25th,  daring  which  the  electrical  effect  was  so  intense  as  to  inter- 
ropt  telegraphic  commnnication  with  that  station.  The  obsen-er  reports 
that  sharp  peculiar  sounds  were  emitted  from  all  iiointed  objects,  and 
that  painful  sensations  were  experienced  in  the  hands  and  face. 

"  A  brilliant  display  of  ball-lightning  was  observed  at  Denver  July 
21,  the  ball  exploding  in  fall  view  and  the  fragments  re-ejiploding  as  they 
reached  the  earth.  This  phenomenon  was  also  observed  at  Keokuk, 
Iowa,  on  the  16tb. 

"Groand-curreuts  interfered  with  the  working  of  the  telegraph-line 
at  aaudy  Hook  on  the  4th,  11th,  and  IGth."  (Page  272,  Monthly  Weather 
Review,  report  for  July,  1874.) 

"  lu  addition  to  thunder-storms  spoken  of  under  previous  headings, 
there  were  strong  gronnd-currents  on  the  telegrapb-line  connecting  Col- 
orado Springs  with  the  summit  of  Pike's  Peak,  Colo.,  on  the  evening 
of  the  1st.  Frequent  lightning  was  observed  on  the  same  line  during 
the  month.  On  the  3d  heavy  snow  accompanied  a  heavy  thunder-storm 
on  Pike's  Peak,  from  which  station  thnnder-storms  are  reported  as  hav- 
ing occurred  almost  daily.  Thunder  or  lightning,  or  both,  were  more 
freqneut  in  the  Southern  and  Western  States,  especially  the  latter,  than 
in  other  stations."  (Page  276,  Monthly  Weather  Review,  report  for 
August,  1874.) 

ATMOSPHERIC  ELBCTEIGITY. 

"  Tbnnder-storins  are  reported  as  having  occurred  mostly  in  the  South- 
ern States  and  during  the  passage  of  general  storms,  viz : . 

"  On  the  7th  in  Georgia  and  Florida ;  on  the  21st  in  Georgia,  (forih 
Carolina,  Tennessee,  Mississippi,  and  Texas;  on  the  22d  in  Georgia, 
Alabama,  Mississippi,  Louisiana,  and  Texas ;  on  the  24th  In  Alabama, 
Mississippi,  Louisiana,  and  North  Carolina;  on  the  27tb  in  Louisiana, 
Indian  Territory,  and  Texas ;  on  the  29th  in  Georgia  and  Alabama." 

The  following  extract  is  made  from  the  observei^s  report  at  Santa  F4, 
New  Mexico : 

"January  15,  extraordinary  electrical  storm  on  (telegraph)  line; 
noticed  first  at  12  m.,  and  lasted  until  3  p.  m.  The  curreut  was  so  strong 
the  line  could  not  be  worked.  The  key  was  left  open,  and  most  of  the 
line  was  surronnded  by  a  ring  of  fire.  It  was  daring  the  passase  of  low 
barometer  that  this  happened."  (Page  301,  Monthly  Weather  Beview 
for  January,  1875.)  • 

*  By  im  examiDation  of  tbeappeDded  papeiait  will  be  noticed  tbnt  the  mtlitaiy  tele- 
graph-line  extending  from  Denver  to  S&ota  F^  aod  tbence  Bomthward  to  Silver  City 
was  diBtnrbedhy  atmoephericeleotrioity  from  July  18  to  December  31, 1976 — dednoting 
Sandaye,  when  no  oontinaons  observationa  were  made — 10  timeB  on  tbe  northern  line, 
14  on  tbe  eoQthern  line,  and  33  on  botb  llnea  out  of  Santa  F^ ;  46  days  of  ditttorbance 
■int  of  147  days' obserrationa.  No  record  was  made  of  diHturbancesaoterioT  to  JnJy 
18,  1876. 

In  the  year  tbe  wind  traveled  at  aral'e  amouoting  to  67,996  miles,  being Bonthweat 
over  ooe  half  tbe  time  and  nortbeast  or  north  aboat  ooe-foartb  the  time.   One  hundred 
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The  earth  is  agood  conductor,  and  the  "  common  reservoir"  of  electricity 
dry  air  is  a  good  insulator;  bnt  when  the  air  contains  moiatare  it  con- 
ducts electricity,  and  this,  says  Ganot,  (page  CIO,  Elementary  Treatise 
CD  Physics,  New  York,  1869,)  is  the  principal  source  of  the  loss  of  elec- 
tricity. In  the  same  way  that  metals  do  not  become  electrified  by  fric- 
tion on  account  of  their  great  conductivity,  animals  do  not  exhibit  this 
property  in  a  marked  degree  until  comparatively  insulated  by  a  dry  at- 
mosphere. Animal  bodies  daily  retaining,  for  any  prolonged  period,  a 
greater  store  of  electricity,  or  using  up  this  electricity  as  a  force,  may 
bematerially  different  from  what  they  would  be  in  a  humid  environment. 

The  electric  tension  and  density  of  a  metallic  sphere  is  found  to  be 
uniform  over  its  surface.  On  an  elongated  ellipsoid  it  accumulates 
at  the  most  scute  points,  and  the  upheaved  masses  of  mountains  would 
appear  to  us  favorable  points  for  a  special  distribution  of  electric  force. 

It  is  much  to  be  desired  that  observations  aa  to  the  amount  of  ozone, 
of  humidity,  and  atmospheric  electricity  be  more  generally  made  iu  the 
interest  of  those  seeking  for  climatic  relief  and  to  furnish  data  for  our 
guidance. 

I  have  the  impression  that  a  moderate  altitude  should  first  be  songht, 
and,  as  convalescence  and  vigor  are  assured,  a  higher  and  more  bracing 
air  could  be  borne  with  benefit. 

In  this  country  the  statistician  is  at  a  disadvantage;  there  are  no 
boards  of  health,  no  registration  of  diseases. 

The  rector  of  the  cathedral  has  be«]  kind  enough  to  give  me  the  sta- 
tistics of  deaths  among  the  Catholic  population  of  the  parish  of  Santa 
F6  from  1869  to  December  14, 1876,  amounting  to  1,005  deaths  in  eight 
years  in  a  parish  estimated  between  7,000  and  8,000.  From  this  I  esti- 
mate the  average  yearly  death-rate,  125,  being  about  one  death  to  60 
Catholic  popalation,  a  mortality  of  IS  per  1,009  in  the  parish. 

Of  the  death-rate  in  the  Territory  I  have  no  information.  Dr.  Lewis 
Kennon,  (of  Fort  Seldeu,)  as  quoted  by  Mr.  Brevoort,  says :  "The  lowest 
death-rate  from  tnbercalar  diseases  ia  in  !New  Mexico." 

"  The  censuses  of  1860  and  1870  give  25  per  cent,  in  New  England,  14 
in  Minnesota,  from  5  to  6  in  different  Southern  States,  and  3  per  cent,  in 
New  Mexico."    (New  Mexico,  by  Elias  Brevoort,  1874,  p.  27.) 

Dr.  Symington  informs  me  that,  in  a  residence  of  eight  years  in  this 
Territory,  he  has  seen  but  two  cases  of  phthisis  among  natives,  and 
they  were  young  persons. 

In  Switzerland  (according  to  Dr.  Lombard,  of  Geneva,  Gazette  des 
Hospitaux,  of  October  26,  1870 ;  London  Medical  Times  and  Gazette, 

aDduiaedsjsweremoistfbr  a  while  from  rain  oranow.  It  ia  proper,  however,  to  remark 
that  in  the  r^ny  or  wet  season  of  the  year  sunsbine  anil  clear  akiea  are  noticed  every 
day,  the  rain  coming  in  showera.  Thewboleamouncof  humidity  was  only  15.06  iachos 
for  the  year ;  muximam  Telocity  of  wind,  3S  miles  per  hoar. 

I  take  pleasure  In  acknowledging  the  prompt  fooilitiea  extended  to  me  by  the  United 
States  eignal  aod  military  telegraph  scTvices  in  futoisbing  information  and  data  as  to 
observation  a  made  by  them. 
22  S 
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November  II,  187C,  p.  552)  the  mean  mortality  resaltiDg  ft-om  phthbus 
pulmonalig  is  77  per  1,000  deaths,  lieiug  a  macb  lower  proportion  than 
most  of  the  eonntries  of  Gurope.  Thns  in  Belgium  this  varies  from  168  to 
lOS,  ami  in  England  is  121.  •  *  •  Two  influences  are  brongbt  into 
view  by  Dr.  Lombard's  investigations,  viz :  The  deleterions  effects  of  in- 
dnstrial  occupations  aa  compared  to  agricnltnral,  and  the  benefit  of  high 
altitudes,  cases  of  phthisis  being  less  frequent  in  proportion  to  the  beigbt 
attained,  so  that  it  entirely  disappears  in  high  valleys. 

The  Medical  Statistics  United  States  Army — Abstract  of  Principal 
Diseases — show  a  total  of  8  cases  (3  deaths)  in  an  average  mean  strength 
of  5,873  troops,  from  phthisis  polmonalis,  in  the  six  years  from  1849  to 
1854.  For  the  same  period,  in  diseases  of  the  respiratory  system,  "  TSew 
York,  New  England,  and  the  region  about  the  great  lakes  exhibit  the 
largest  ratios;  and  Florida,  Texas,  and  New  Mexico  the  smallest,  being, 
in  the  ratio  of  cases  per  1,000  of  mean  strength.  New  England,  4.8; 
New  York  harbor,  6.9;  great  lakes,  4.5;  Atlanticcoastof  Florida,  2.3; 
Gulf  coast  of  Florida,  6.9;  Texas  soutbern  frontier,  4.00;  western 
frontier  of  Texas,  3.9 ;  New  Mexico,  1.3."  The  conclnsions  of  Dr.  R.  H. 
Coolidge,  U.  S.  A,,  the  compiler,  {Medical  Statistics  United  States 
Army,)  are,  I  believe,  aetopted  to-day :  "  1st.  That  temperatnre,  consid- 
ered by  itself,  does  not  exert  that  marked  controlling  influence  upon 
the  development  or  progress  of  phthisis  which  has  been  attributed  to 
it.  *  '  2d.  That  the  most  important  atmospherical  condition  for 
a  consumptive  is  dryness.  *  '  3d.  That  next  to  dryness  in  im- 
portance is  an  agreeable  temperatnre — a  temperatnre  nnifonn  for  long 
periods,  and  not  disturbed  by  sndden  or  freqnent  changes.  *  *  A 
uniformly  low  temperature  is  mncU  to  be  preferred  to  a  uniformly  high 
temperature.  The  former  exerts  a  tonic  and  stimnlating  effect  upon 
the  general  system,  while  the  latter  produces  general  debility  and  nerv- 
ous exhaustion.  The  worst  possible  climate  for  a  consumptive  is  one 
with  a  long-continued  high  temperature  and  a  high  dew-point." 

Confirmatory  of  all  this,  and  the  fact  that  "New  Mexico  is  by  far  the 
most  favorable  residence  in  the  United  States  for  those  predisposed  to 
or  affected  with  phthisis,"  may  be  consulted  the  testimony  and  experi- 
ence of  several  medical  ofQcers  of  the  United  States  Army.  (Quoted 
in  Hammond's  Hygiene,  p.  280.) 

An  examination  of  the  sickness  and  mortality  tables  of  the  troops 
serving  in  New  Mexico  from  18C1  to  1865,  published  in  the  Medical  and 
Surgical  History  of  the  War  of  the  Eebellion,  Part  I,  Washington, 
1870,  pp.  138,  280,  436,  and  588,  Order  V,  Diseases  of  the  Bespiratoi; 
Organs,  shows  the  following  cases : 
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Many  persons  do  well  at  home  in  summer  who  need  in  winter  a  milder 
climate. 

Europeans  are  wont  to  seek  Naples,  Malaga,  Egypt,  Algiers,  Rome, 
Florence,  Mentone,  or  the  West  Indies.  Recently  the  west  coast  of  Ire- 
land, made  warm  by  the  influence  of  the  Gulf  Stream,  has  been  recom- 
mended. For  patients  threatened  with  phthisis,  Mentone,  Malaga,  and 
Algiers  are  preferable.  If  they  go  to  Jamaica,  they  should  arrive  in 
December  and  go  up  at  once  tfl  the  bills.  Such  as  are  affected  with 
irritable  bronchitis,  asthma,  and  plenritic  tendencies,  are  recommended 
to  Madeira,  and  in  the  spring  to  Fan.  (London  Med.  Times  and  Ga- 
zette, November  4, 1876,  p.  519.) 

When  the  railroad  shall  have  made  this  region  (of  New  Mexico)  of 
easy  access,  the  invalid  may  find  a  genial  and  proper  climate.  For 
the  weakest  invalids  the  Mesilla  Valley  should  be  first  resorted  to,  and 
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theiic«  the  transit  can  be  made  to  a  northeni  and  more  invigorating  air. 
The  summer  in  Mesilla  ia  said  to  be  quite  hot. 

Proceeding  from  Santa  F^  between  Taos  and,Fort  Garland,  the  mili- 
tary wagon-road — conducted  by  Lieutenant  Buffner — winds  in  the  cafion 
of  the  Bio  Grande  and  near  ita  margin  for  miles.  The  river  is  narrow 
and  rapid,  hemmed  in  by  peaks  and  precipices,  and  rnsbes  a  foaming 
flood  over  rocks  and  bowlders. 

The  Denver  and  Rio  Grande  Bailroad,  which  will  be  extended  to 
Garland  by  May  1, 1877,  will  probably  come  down  this  canon  and  open 
out  some  magnificent  scenery  to  the  tonrist.  Arriving  at  Fort  Garland, 
situatedin  the  San  Luis  Park,  (8,000  feet  above  sea-level,]  wehaveanear 
view  of  the  Sierra  Blanca,  one  of  the  highest  of  the  Bocky  Mountains— 
14,404  feet — easier  of  ascent  thaa  Mont  Blanc,  (16,784  feet,)  the  Jnng 
Fran,  (13,671  feet,)  or  the  Matterhom,  (14,370  feet)  A  daily  line  of 
stages  passes  Garland  toward  the  San  Juan  mines,  reaching  the  Bio 
Grande  Biver  in  26  miles,  in  60  miles  La  Loma  and  Del  Korte,  and  in 
aboat  100  miles  the  summit  of  the  main  divide,  "  among  a  mass  of 
snow-peaks,  in  groups  connected  by  crests  more  or  less  high,  from 
which  the  waters  flow  radially,  and  is  probably  the  highest  portion  of 
the  Eocky  Monntains.  This  region,  like  that  of  the  Yellowstone  Lake, 
seems  to  be  one  of  the  domes  of  the  continent,  as  is  shown  by  the  fket 
that  the  same  rivers  which  eventually  flow  west  flow  at  first  east  and 
south,  like  Grand  Biver  and  Lake  Pork."  (Beconnaissance  in  the  Ute 
country  by  First  Lient.  E,  H.  EuflFner,  United  States  Engineers,  Wash- 
ington, 1S74,  p.  31.)  Among  those  mountains  whose  heights  have  been 
determined,  we  have  Summit,  13,356  feet ;  Bristol  Head,  1], 814  feet; 
King  Solomon,  13,073  feet ;  Engineer  Mountain,  13,270  feet.  The  high- 
est of  all  is  Mount  Ghauveuet,  altitude  nnkuowu  to  me.  King  Solomon, 
in  the  Sierra  La  Plata,  and  Mount  Galena  (12,978  feet]  are  in  the  rich 
silver  and  gold  mining  region,  now  rapidly  filling  np  by  immigration. 

Prom  Engineer  Mountain  "  masses  of  snow-peaks  rising  a  thoasanil 
and  two  thousand  feet  above  timber  are  seen,  with  sky-lines  marvel- 
ously  bold  and  wild.  The  peaks  (says  M^.  H.  G.  Prout)  are  seen  at 
distances  of  10  to  30  miles  around,  I  doubt  if  any  other  mountain  re- 
gion in  the  world  displays  so  extensive  a  mass  of  increasing  variety  of 
form  so  wholly  grand."    (Page  24,  ibid.) 

The  great  overland  California  Bail  way  passes  over  no  country  equal 
to  this,  as  ifr  purposely  and  economically  was  located  at  a  tower  level. 
Here,  about  latitude  37°  45'  and  longitade  107°  28',  the  Great  Sierra 
Madre  rises  to  its  greatest  height,  and  thence  flow  the  fountains  of  the 
Bio  Grande  del  !Norte. 
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Appendix  No.  1. 

Santa  Ffi,  December  14, 1870. 
Dr.  McPAELIN : 

Deab  Sib  :  According  to  yoar  request,  I  have  the  honor  to  send  the 
statistics  of  deaths  occurred  among  the  Catholic  popnlation  of  the  par 
ish  of  Santa  F4  since  I  have  been  the  rector  of  the  said  parish. 

The  pariah  of  Santa  F6,  as  it  is  now  establiahed,  comprises,  besides 
the  city,  the  towDS  of  Agua  Pria,  Cienega.  Tesaque,  and  Eio  Tesuqne ; 
it  is  to  say,  a  popnlation  of  seven  or  eight  thonsaud  inhabitants. 

Here  are  now  the  statistics  of  deaths : 

Tean.                                            Deaths.  Years.                                            DeathB. 

1869 104    1873 120 

1870 94    1874 146 

1871 145     1875 102 

1872 183    1876,  up  to  this  date 131 

As  to  the  principal  causes  of  these  deaths  I  ought  to  confess  my  ig- 
norance in  the  matter.    I  am  not  a  physician. 

loflaenza  and  'wboopingKH>ugh  are  sonietiaies  fatal  and  very  mortif- 
€rous,  especially  among  children.  In  last  January  and  February,  as 
yon  mast  be  aware,  we  had  many  fatal  cases  of  pleurisy.  I  buried  32 
corpses,  almost  all  of  grown  persons. 

It  wonld  be  an  error  to  believe  tbat  there  is  no  case  of  consumption 
among  the  natives  of  this  country.  On  the  contrary,  asthma,  heart  and 
lung  diseases  are  very  common  among  them.  I  have  actually  some  pa- 
tients who  suffer  of  such  affections. 

I  think  the  principal  cause  mnst  be  attributed  to  the  sharpness  of  the 
air  and  scarcity  of  good  clothes. 

I  am,  very  respectfully,  my  dear  doctor,  your  most  obedient  servant, 
J.  A.  BRUCHABD, 
Parish  Priest  qf  the  Cathedral. 

A  true  copy : 

T.  A.  MoPablin,  M.  D. 
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ON  THE  CHANGE  OF  THE  MEXICAS  AXOLOTL  TO  AN  AMBLY- 
STOIA. 


By  Dr.  August  Weismank,  Ft^eMor  at  Freiburg,  Sreiigau. 

[TmteUted  by  Henry  H.  DongUai.  Cbsmptign,  HI.) 


SiDce  Dmnfiril  firat  annoanced  tho  change  of  a  number  of  AxolotU 
into  tbe  so-calied  Amblystoma  form,  this  Mexionn  flsb-siiliimander  has 
been  bred  in  aqnariame  at  many  Earopean  places,  principally  with  a 
view  to  determine  the  conditioaa  under  which  that  chaoge  occara,  and 
then  from  that  to  draw  further  conclasloDS  apon  the  real  caases  of  this 
exceptional  and  therefore  bo  mysterious  metamorphosis. 

The  creatures  were  easily  propagated  everywhere,  and  that  in  great 
numbers.  Yet  not  only  did  tbe  cases  in  which  tho  transformation 
occarred  remain  exceedingly  rare,  but  no  one  succeeded  in  answering 
the  first  and  most  important  question,  whether  this  was  called  forth  by 
extemat  cironmstancea  or  was  dependent  upon  purely  intrinsic  causes. 
Much  less  were  any  definite  external  influences  fonnd  through  whose 
presence  one  could  bring  on  the  metamorphosis  with  certainty. 

But  UHtil  this  point  is  decided,  all  attempts  at  theoretical  interpre- 
tation and  use  of  the  phenomenon  must  remain  without  any  Arm  found- 
ation. 

To  me  this  history  of  the  Axolotl's  transformation  always  seemed  to 
be  of  quite  a  particular  interest.  I  believed,  indeed,  that  possibly  this 
one  special  case  might  be  suMcient  to  determine  the  correctuese  of  the 
fundamental  principles,  according  to  which  the  origin  of  species  is  repre- 
sented in  the  two  hostile  camps  of  development  and  heterogeaeoitt  or  dia- 
tiTict  creation.  So  I  resolved  to  set  abont  experiments  with  the  Axolotl 
myself,  in  the  hope  that  perhaps  it  would  be  my  good  fortune  to  throw 
some  light  upon  this  subject. 

In  the  year  1872,  Herr  von  £olliker  had  the  kindness  to  present  to 
me  five  of  the  Axolotls  he  had  bred  in  Wiirzburg.  In  the  following 
year  these  produced  an  abundant  brood.  With  them  I  tried  to  settle 
the  question,  whether  it  was  not  possible  to  force  all  the  larvie  to  the 
change,  or  at  least  the  greater  part,  if  they  were  brought  into  circum- 
stances which  rendered  tbe  use  of  the  -gills  ditBcalt,  that  of  the  lungs 
easy.  This,  in  other  words,  would  be  to  compel  them  firom  a  certain  age 
to  live  half  on  tbe  land.  It  will  be  seen  farther  on,  what  theoretical 
grounds  led  me  to  this  idea. 

Meanwhile  I  reached  no  resnlts  that  year.  The  most  of  the  larvae 
died  before  the  time  for  sncb  experiments  seemed  to  have  oome<    The 
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few  surrivoTS  did  not  make  the  change,  but  lived  aotil  the  early  part  of 
the  Dext  year,  only  to  die  one  after  another. 

Evidently  I  had  given  them  too  little  care  and  attention,  being  pre- 
rentod  by  a  somewhat  lengthened  absence  from  Freibarg,  as  well  as  by 
other  labors. 

I  reached  the  conviction  at  that  time  that  witboah  the  greatest  care- 
fnlnesa  and  attention  iu  the  rearing  no  resnlt  can  be  obtained.  This 
conviction  farther  experience  only  confirmed.  One  mnst  just  concen- 
trate all  his  interest  npon  this  one  aim,  and  mnst  not  begrudge  having 
to  devote  considerable  time  every  day  for  months  to  this  work.  That  I 
conld  not  carry  this  on  myself,  withonfc  giving  op  other  work  for  it, 
seemed  clear  to  me,  and  so  I  hailed  it  with  joy  wheu  the  opportunity 
offered  of  seeing  the  experiments  made  by  another  person. 

Miss  von  Chauvin,  a  lady  well  known  to  several  correspondents  in 
this  department  by  her  beaatiful  observations  on  the  Fhryganid£e  (alas, 
not  yet  pablished),  proposed  the  following  year  to  take  a  namber  of  the 
larvx  jnst  ont  of  the  egg,  rear  them,  and  make  the  attempt  to  bring 
them,  in  a  certain  measure,  by  force  into  the  Amblystoma  condition.  It 
will  be  perceived  by  the  following  records  of  the  lady  herself  bow  com- 
pletely this  attempt  succeeded,  and  no  less  will  it  be  seen  that  this  sac- 
cess  was  possible  only  with  such  carefnlness  in  the  treatment  and  deli- 
cacy in  the  observation  as  were  here  employed. 

EXPEBIMENTS. 

"I  began  the  experiments  Jane  12,  1874,  with  five  larvse  about  eight 
4ays  old,  ell  that  remained  alive  of  the  twelve  delivered  to  me.  On 
account  of  the  extraordinary  tenderness  of  these  larvse,  the  qnality  and 
temperature  of  the  water,  the  kind  and  quantity  of  the  food  supplied, 
especially  in  the  earliest  period,  exert  a  great  influence  upon  them,  so 
that  one  can  hardly  be  cautious  enough  in  their  management. 

"The  little  creatures  were  kept  in  a  glass  globe  of  about  30  centi- 
metres in  diameter ;  the  temperature  of  the  water  was  regulated,  and 
as  nourishment  Daphnida  were  furnished  at  first,  afterward  larger 
aquatic  animals  in  greater  quantity.  In  this  way  the  five  larvae  throve 
exceedingly  well.  By  the  end  of  June  the  strongest  larvEe  showed  the 
beginning  of  the  fore  legs,  and  the  9th  of  July  the  hind  legs  made 
their  appearance.  At  the  end  of  November  I  noticed  that  one  Axolotl — 
for  brevity  I  distinguish  it  with  I.,  and  shall  note  the  others  with  the 
successive  Boman  numerals — kept  constantly  on  the  sarface  of  the  water, 
which  brought  me  to  the  supposition  that  the  right  time  bad  come  to 
prepare  for  the  change  to  a  land  salamander.  * 

"  For  this  purpose,  on  December  1, 1874, 1,  was  put  into  a  considerably 
larger  glass  vessel  with  a  flat  bottom,  which  was  so  placed  and  filled  with 
water  that  only  in  one  spot  coold  he  dive  quite  under  water,  while  every- 
where else  in  his  repeated  creepings  about  the  bottom  of  the  vessel  he 
came  more  or  less  in  contact  with  the  air.    On  the  following  days  the 
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water  was  gradaally  dimiDtshecl,  and  daring  this  time  the  first  cliangea 
in  the  aQimal  appeared :  The  gills  began  to  iJirivel.  At  the  same  time 
the  creature  showed  a  striving  to  reach  the  shallow  places.  The  4th  of 
December  it  betook  itself  wholly  to  the  land  and  crept  away  into  the 
damp  moss  which  I  had  placed  on  a  bod  of  aiad  in  the  highest  part  of 
the  bottom.  This  was  followed  by  the  first  molt.  Within  the  foar  days 
from  December  1  tol  a  striking  change  took  place  in  the  exterior  of  I.; 
the  gill-tafts  shriveled  almost  entirely  together,  the  crest  on  the  back 
vanished  completely,  and  the  hitherto  broad  tail  assnmed  a  ronnded 
form  similar  to  a  land  salamander's  tail.  The  grayish-brown  color  of 
the  body  gradually  changed  to  blackish ;  here  and  there  white  spots 
came  ont,  faintly  marked  at  first,  and  growing  more  distinct. 

*'  When,  on  the  4th  of  December,  the  Axolotl  crept  ont  of  the  water,  the 
clefts  of  the  gills  were  still  open,  but  they  gradually  closed,  and  in  about 
eight  days  they  were  no  longer  to  be  seen  and  were  grown  over  with  a 
skio. 

"Of  the  other  laryje,  at  the  end  of  November  (that,  is  at  the  same 
time  when  I.  came  to  the  surface  of  the  water),  three  more  were  just  as 
strongly  developed  as  L— an  indication  that  for  them  also  the  right 
time  had  come  for  the  basteuing  of  the  process.  They  were  therefore 
subjected  to  the  same  treatment.  II.  changed  in  fact  at  the  same  time 
as  I.,  and,  precisely  like  it,  bad  perfect  gill-tufts  nhen  it  was  placed  in  the 
shoal  water,  and  after  four  days  had  almost  completely  divested  itself  of 
these.  He  went  upon  the  land;  and  then  follovei,  ia  the  course  of  aboKt 
tendajfs,  the  growing  over  of  tkegUl-cle/ts  and  tke  complete  assumption  of  the 
salamander's  form.  During  this  last  time  the  animal  took  food,  but  only 
when  he  was  urged. 

"  With  III.  and  IT.  the  change  went  on  more  slowly.  They  did  not  so 
frequently  seek  for  the  drier  places,  and  generally  did  not  expose  them- 
selves so  long  to  the  air,  so  that  the  greater  part  of  January  passed 
before  they  took  wholly  to  the  land.  Yet  the  drying  of  the  gill-tnfts 
required  no  longer  time  than  I.  and  II.  The  first  molt  also  followed  as 
soon  as  they  crept  upon  the  land. 

"V.  showed  much  more  remarkable  deviations  in  the  transformation 
than  III.  and  XV,  As  this  individual  from  the  begluning  appeared  much 
more  feeble  than  the  others,  and  also  staid  behind  remarkably  in  its 
growth,  this  was  by  no  means  surprising.  It  required  fourteen  days 
instead  of  four  to  carry  the  change  so  far  that  it  could  leave  the  water. 
It  was  of  quite  peculiar  interest  to  watch  the  condition  of  this  individual 
during  this  time.  As  may  be  inferred  from  its  delicate  nature,  it  was 
more  sensitive  than  the. others  to  all  outward  influences.  If  it  was  ex- 
posed to  the  air  too  long  it  took  on  a  lighter  color.  Besides  it  gave 
off  a  peculiar  odor,  similar  to  what  salamanders  diffuse  when  they  are 
alarmed  or  endangered.  As  soon  as  these  appearances  were  noticed,  it 
was  immediately  put  iuto  deep  water,  where  it  dived  under  at  once  and  - 
gradually  recovered  again,    Then  thegills  always  nnfolded  again.    The 
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same  experiment  was  made  repeatedly  and  was  every  time  attended  by 
the  same  resalt ;  ftom  which  it  may  well  be  concluded  that  through  tbe 
exercise  of  too  energetic  constraint  with  a  view  to  hasten  tbe  process  of 
transformation  a  stoppage  may  be  brought nbont,  and  death,  indeed,  by 
continaed  constraiut. 

"Of  Axolotl  Y.  it  remains  to  be  stated  that  he  crept  out  of  the  water,  not 
like  all  the  others  at  the  first  mott,  but  at  the  time  of  the  fovrtit. 

"All  these  are  to-day  alive,  healthily  nod  strongly  developed,  so  that, 
as  regards  their  nourishment,  nothing  would  stand  in  tbe  way  of  their 
propagation.  The  largest  of  the  first  four  has  a  length  of  15  centime- 
tres.   Aiolotl  V.  measures  12  centimetres. 

"From  what  I  have  said  must  be  establisiied  tbe  correctness  of  tbe 
view  suggested  in  the  beginning:  most  Axolotl  larvx,  if  not  all,  com- 
plete their  metamorphose,  if,  in  tbe  first  place,  tbey  come  out  of  tbe 
egg  healthy  and  are  properly  fed,  and,  in  the  second  place,  meet  with 
arrangements  which  force  them  to  change  from  breathing  nnder  water 
to  breathing  above  the  water.  It  will  be  understood  that  this  compul- 
sion may  only  be  exerted  quite  gradually,  and  in  a  way  which  does  not 
draw  too  much  upon  the  animal's  vital  force. 

"  Freiburg,  Breisgau,  July,  1875. 

"MARIE  V.  CHAUVIN." 

I  remark  upon  the  above  records,  that  in  all  five  coses  the  change 
was  a  complete  one,  not  to  be  confounded  with  that  which  all  the  Axolotls 
confined  in  small  glass  vessels  undergo  more  or  less ;  namely,  there 
are  frequently  vaxiations  which  seem  to  advance  toward  the  Amblystoma 
form  without  reaching  it.  In  the  five  full-grown  Axolotls  which  I  possess 
at  this  very  time,  and  of  which  two  at  least  are  four  years  old,  the  gills 
are  all  very  much  shriveled  up,  but  tail  and  crest  are  unchanged.  Bat 
the  crest  may  also  disappear  and  the  tail  grow  smaller  without  changing 
to  the  Amblystoma,  as  shall  be  shown  further  on.  As  regards  the  time 
used  for  the  transformation,  in  Axolotls  I.  to  Y.  it  took  12  to  14  days. 
Four  days  of  that  bring  us  to  the  first  change,  during  which  the  animal 
still  remains  in  the  water;  the  rest  of  the  time  is  given  to  the  comple- 
tion of  the  change.  Dum^ril  gives  the  time  of  the  transformation  at  16 
days. 

From  the  experiments  communicated  the  following  seems  to  me  espe- 
cially noteworthy :  The  five  Axolotl  larva,  which  alone  can  come  into  the 
acconnt,  since  the  others  died  early,  all  without  exception  completed  the 
change  and  l>ecame  Amblystomas.  Only  one  of  them,  Ko.  I.,  showed  by  con- 
stant swimming  on  the  surface,  which  was  noticed  at  the  end  of  the  siztb 
month,  a  distinct  inclination  to  the  change,  a  preference  for  breathing 
with  the  lungs.  Of  this  individual,  therefore,  it  may  well  be  assumed, 
that  also  without  artificial  aid  it  would  have  come  to  tbe  land  and  have 
undergone  the  transformation,  just  as  was  the  case  in  some  thirty  spec- 
imens which  Dum^rll  observed. 
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Por  Noa.  II.,  III.,  and  IV.,  on  tbe  otber  band,  socb  a  snpposition  baa  bn  t 
little  probability.  All  three  larvie  soaght  to  keep  themselvea  in  deeper 
water,  avoided  as  long  as  poaaible  tbe  sballow  places  which  compelled 
them  to  mere  lung- breathing,  and  only  completed  the  cbango  more  than 
a,  month  later. 

With  No.  v.,  moreover,  it  can  scarcely  appear  doabtfnl  that  it  wonld 
not  have  made  tbe  change  without  the  forcible  habituation  to  abode  in 
the  air. 

From  these  reanlta  may  well  be  drawn  the  conclnsion,  most  Axolotl 
larvro  change  to  the  Amblystoma  form  if  at  tbe  age  of  six  to  nine 
months  they  are  brought  into  water  so  shnllow  that  they  must  chieSy 
breathe  with  the  Innga.  The  experiments  in  question  are  amall  In  nam- 
ber,  to  be  sure,  but  such  a  coDclasioa  cannot  be  called  hasty,  when  it  is 
considered  that  Dnm^ril,  among  many  handreds  (the  number  is  not 
given  precisely)  of  Azolotls,  obtained  only  some  thirty  Amblystomas; 
that  likewise,  among  several  hundred  Axolotls,  ron  Kollifcer  bred  only  a 
single  Amblyatoma. 

It  only  remaina  tloabtfiil  whether  every  larva  can  be  compelled  to  mate 
the  change,  and  this  qnestion  can  only  be  determined  by  new  experiments. 
It  had  been  my  intention  to  defer  the  publication  of  those  above  given 
until  tbey  were  repeated  in  greater  fhlloess  by  Miss  von  Chauvin.  But 
as  my  Axolotls  have  given  me  no  young  this  year  (1875),  I  had  to  give 
that  up  for  the  time,  and  could  do  this  the  more  willingly,  since  it  is 
rather  irrelevant  to  the  theoretical  interest  of  the  facta  whether  all  or 
only  almost  all  of  the  Axolotls  may  be  forced  to  make  the  transforma- 
tion. On  the  other  hand,  I  will  not  forbear  to  mention,  that  the  cnrator 
of  the  7x>ological  mnsenm  here,  Herr  Gehrig,  reared  a  considerable  num- 
ber of  larvEB  from  the  same  brood,  with  which  Miss  von  Chanvin  experi- 
mented, and  that  of  these  larvm  six  passed  throngh  the  winter  without 
undergoing  the  transformation.  They  were  always  kept  in  deep  water, 
and  therefore  constituted  the  counter-experiment  to  those  communicated 
above,  showing  that  this  whole  brood  by  no  means  possessed  a  predis- 
position to  undergo  the  transformation. 

If,  now,  these  new  fiicts  are  to  be  made  use  of  to  clear  up  our  conception 
of  the  nature  of  this  nnnsnal  process  of  transformation,  we  mast,  before 
all  else,  bring  to  our  aid  the  data  already  known. 

In  the  first  place,  it  is  to  be  laid  down  that  Siredon  Mexicanus,  in  its  home, 
so/ar  as  we  know,  never  undergoes  the  transformation.  From  that  locality 
it  is  inown  only  in  the  Siredonform.  Tbe  testimony  which  I  find  on  this 
point  comes  from  De  Saussubb,  *  who  himself  observed  tbe  Axolotl  in 
the  Uexican  waters.  This  naturalist  has  uever  seen  even  a  single  Am- 
blystoma in  the  vicinity  of  the  lakes,  and  "yet  the  larvce  of  the  Axolotl 
are  bo  common  there,  that  they  are  brought  into  market  by  thousands." 
De  SauRsnre  believes  that  tbe  Axolotl  does  not  make  the  change  in 
Mexico. 

*  Terhandl.  d.  Scbwolz.  Naturforecli.  OesellBchaft.    EineiedelD,  1860. 
23  S  _    C.OOgIc 
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Cope*  asserts  tbe  same  tbitig  quite  decidedly ;  ood  individuals  bred 
by  bimin  AmericafromtbejSiredonJlfextcaniM, also  Id  captivity,  "allowed 
DO  iDclinatioD  to  tbe traDsformatioD."  On  tbe  otber  hand,  Tegetmeierf 
saw  tbe  change  begun  in  one  of  five  individnals  which  traced  tbeir 
descent  to  tbe  Lake  of  Mesico  and  so  tbe  second  fact  is  establisbed, 
that  also  the  genuine  and  real  Axolotl  under  certain  circumstatt4xs  changes 
ill  confinement  to  an  Amhlygtoma. 

This  remark  wonld  be  superfluous,  if  it  were,  as  was  long  believed, 
true  that  tbe  Axolotl  of  the  Paris  Garden  of  Plants,  whose  metamor- 
phosis was  first  observed  and  excited  so  much  attention  at  tbe  time, 
actually  belonged  to  the  species  Siredon  Mexicanus,  tbe  only  Siredon 
which  in  its  borne  bears  the  name  Axolotl. 

In  his  first  communication,  Dum^ril  himself  wasof  this  opinion  ;  be 
called  the  creature  "Streifon  A/ea^co«i«  "  syn.  Huinboldii;\  but  later,  in 
bis  detailed  work§  on  the  change  of  tbe  Axolotl  contained  in  the  Gar- 
den of  Plants,  he  recalled  this  view,  and,  after  a  critical  examination  of 
tbe  five  described  Siredona,  came  to  the  conclusion  that  the  Axolotls  in 
tbe  possession  of  the  Paris  Museam  were  probably  Siredon  lichenoides 
Baird. 

So  all  tbe  transformations  of  Axolotls  observed  in  Burope  were  to  be 
referred  to  this  siJecies ;  for — at  least  so  far  as  is  known — they  are  all 
descendants  of  the  Paris  colony.  Thence  also,  indirectly,  came  the  sub- 
jects of  my  experiments. 

To  be  sure,  now  it  does  not  agree  with  this,  that  tbe  Amblystoma 
form,  which  Dum4ril  obtained  from  his  Axolotls,  corresponded  with 
Amblystoma  tigrinum  Cope,  while  we  learn  by  Marsh  ||  that  Siredon 
lichenoides  Baird  changes  to  Amblt/stoma  mavortium  Baird  when  it  under- 
goes tbe  complete  metamorphosis.  Marsh  found  the  Siredon  lichenoides 
in  Alpine  lakes  (7,000  feet  above  the  sea),  in  tbe  southwestern  portion  of 
tbe  United  States  (Wyoming  Territory),  and  by  breeding  in  aquariums 
obtained  from  ittheAmblystomamavortiumBairi.  Nevertheless,  be  holds 
it  doubtful  whether  the  animal  ever  goes  through  tbe  change  in  im 
borne;  to  be  sure,  without  any  sure  foundation  and  on  purely  theoretical 
grounds,  namely,  because  in  his  jadgment  "tbe  colder  temperature 
there  is  less  favorable  to  it."  fl 

If  I  doubt  tbe  correctness  of  this  last  opinion,  it  is  only  because  tbe 
Amblpstoma  mavortium  in  a  state  of  nature  has  been  found  in  many 
parts  of  the  United  States,  namely,  in  California,  Kew  Mexico,  Texas, 

'Dana  and  giltims.n,  Amer.  Jnurn.,  3d  sedes,  i,p.  69.    AoDalsNat.  Hiat.,  Tii,  p.  246. 

*  Proceed.  Zool.  Soo.  1870,  p.  160, 

t  Compt.  Rend.,  tome  60,  p,  765  (1865). 

i  NoQvelleB  Archives  do  Masdam  d'Hlst.  Kat.    Paris,  1966.    Tome  ii,  p.  263. 

I  Proceed.  Boston  Soo.,  vol.  xii,  p.  97  ;  Siilimao,  Amer.  Joorn.,  vol.  xlvi,  p.  364 ;  a 
Tefereneeto  this  in  Troschel's  Jabresbericbt  for  1B68,  p.  37. 

%  Proceed.  Boston  Soo.,  vol.  lii,  p.  97  j  Silliman,  Amer.  Joniti.,  xlvi,  364.  I  conld  not 
examine  these  worlis  myself,  nod  quote  from  tbe  reference  in  Troaohel's  Jahcesborioh^ 
1868,  p.  37. 
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Nebraska,  and  Miatiesota.  S'evertbeless,  it  in  by  no  meaus  incredible 
that  jdst  in  the  Alpine  lakes,  from  which  Marsh  obtained  it,  the  species 
occnpies  n  different  position  in  regard  to  the  transformation  from  what 
it  does  in  other  habitats.  This  will  be  seen  from  the  observations  on 
the  Triton  addnced  below.  So,  nntil  further  observations  are  made,  I 
believe  we  mnst  suppose  that  the  Paris  Axolotla  are  not  Siredon  liche- 
noides, but  probably  a  new  and  very  closely  related  species. 

Meanwhile,  there  is  not  mach  depending  upon  this  in  the  review  of 
the  transformation,  if  it  is  only  established  that  this  AxolotI  in  its  home 
doeB  not  undergo  the  metamorphosis,  or  only  does  it  as  exceptionally 
as  in  Europe.  Unfortunately,  there  is  in  Cam^ril's  comnmuioations  no 
precise  statement  of  the  locality  where  this  "Mexican"  animal  was 
found;  probably  the  locality  was  unknown  to  himself,  and  so  I  can 
only  assume  on  Cope's  authority  that  no  Amblystoma  has  ever  been 
broagbt  from  south  of  the  provinces  of  Tamanlipas  and  Chihuahua; 
that  is,  from  south  of  the  tropic* 

Of  that,  however,  there  is  no  certainty.  Much  more  important  is  the 
fact  adduced  above,  that  the  genuine  AxolotI  of  the  lakes  around  the 
city  of  Mexico  never  makes  the  change  to  an  Amblystoma,  but  that  this 
species  also  in  isolated  cases  undergoes  the  transformation  in  confine- 
ment. Now,  from  this  and  from  the  fact  that  the  Paris  Axolotis  in  con- 
finement are  only  transformed  to  the  extent  of  a  very  small  percentage, 
it  may  be  concluded  that  also  in  its  Itome  it  w  either  not  truTisformed  at 
all,  or  only  as  an  exception. 

But  still  another  series  of  facts  conies  very  essentially  into  the  account 
in  reviewing  this  history  of  transformation  :  I  mean  the  existence  of  a 
considerable  number  of  species  of  Amblystoma  in  nature.  In  the  "  Revision 
der  Salamandriden-Oattnugen  "  (Beview  of  the  genera  of  BalamaDders] 
which  Stranch  t  gave  a  few  years  ago,  there  are  represented,  accord- 
ing to  the  examples  of  Cope,§  twenty  species  of  the  Amblystoma  Tschudi 
living  in  £fortb  America.  Now,  although  a  lew  of  these  species  are 
based  only  upon  one  specimen,  and,  therefore,  as  Strauss  correctly 
says,  "must  be  suppressed  in  time,"  yet  there  is  left  a  whole  range  of 
species  which  certainly  live  and  propagate  as  Amblystoma,  and  which 
have  their  locality  from  the  hititude  of  Mew  York  to  that  of  New  Mexico. 
Hence  there  are  certainly  species  of  Siredon  which,  under  their  natural  con- 
ditions of  life,  regularly  take  the  Amblystoma  form  and  propagate  in  it; 
ichile  on  the  other  hand  there  are  at  least  two  species  which,  under  tlieir 
present  natural  conditions  nf  life,  only  propagate  as  Siredon.  It  is  only 
another  form  of  expression  for  this  fact  when  one  says  the  Mexican 
AxolotI,  and  the  Paris  Siredon  as  well,  be  this  latter  named  lichenoides 
or  something  else,  stands  upon  a  lower  phyletic  stage  of  detelopment  than 
the  other  species  of  Amblystoma  which  propagate  in  tbe  salamander 

■Dana  and  IJillimnn,  Amer.  Jonrn.,  3d ser.  i,  p.  89;  AiiDEtlB of  Nat.  Hiat  vii,  p. 346. 
tProceediDga  Acad.  Pbilad.,  sis,  1867,  pp.  166-209. 
i  Mem.  Aix/i.  Petersb.,  tome  xvl. 
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form.  No  oub  cna  object  to  tbia  atatrnieiit ;  while  the  other  proposi- 
tion, either  expressed  or  tacitly  held  by  all  aathors,  iDclodes  a  theory 
whiob  I  regard  as  incorrect.  That  propoBition  is :  The  Mexican  Axolotl 
has  remained  apon  a  lower  phyletic  stage  of  development. 

All  zoologists  who  have  expressed  themselves  cu  the  transformation 
of  the  Mexican  Axolotl,  and  who  are  not,  like  its  first  observer,  still 
attached  to  Cavier's  views  on  the  immntability  of  species,  took  up  th« 
matter  as  if  here  was  a  species  which  through  some  sort  of  special  cir- 
cuoistances  bad  remained  behind  on  a  lower  stage  of  development,  a&d 
was  now  stimulated  by  some  sort  of  inflnences  to  its  advance  to  a 
higher  stage. 

For  a  long  time  also  X  did  not  believe  that  the  thing  could  be  otber- 
wise  understood,  little  as  I  vas  able  to  bring  all  the  pheuomena  into 
harmony  with  this  view.  Tbns  in  1872  I  nsed  the  following  expres- 
sions:* "Why  should  not  a  sudden  change  in  all  the  re]»tiousof  life 
(the  removal  from  Mexico  to  Paris)  have  had  a  direct  infinence  npon 
the  organism  of  the  Axolotl,  so  that  he  suddenly  attaini'd  a  higher  stage 
of  development,  which  many  of  bis  kindred  species  have  long  since 
attained,  which  evidently  lies  in  the  nature  of  bis  organization,  and 
which  percbanoe  be  also  would  have  reached  in  his  native  haunts,  though 
at  a  later  period  t  Or  would  it  be  too  mncb  to  snppose  that  by  the 
sudden  tranajxirtation  from  8,000  feet  above  the  sea-level  (the  Mexican 
highland)  to  the  altitude  of  Paris,  the  organs  of  respimtion  hud  re- 
ceived a  shock  which  jast  brought  them  to  the  change  alfeady  close  at 
handt  So  in  all  probability  we  have  to  do  with  a  direct  effect  from 
altered  cooditions  of  life." 

That  the  purport  of  the  lost  sentence  must  also  be  held  true  to-dny 
follows  as  a  matter  of  course  from  the  experiments  communicated  above, 
which  sorely  prove  that  by  the  application  of  definite  external  influences 
we  have  to  a  certain  extent  it  in  our  power  to  cull  forth  the  transforma- 
tiou.  Just  in  that  inct  lies  the  new  light  which  these  experiments  have 
brought. 

But  must  we  also  understand  the  pheiiotnenoo  in  the  manner  above 
indicated — that  is  to  say,  as  a  phyletic  onward  development  of  the  species, 
appearing  suddenly  and  in  a  measure  rexuUing  from  a  ahockt  I  believe 
not.  What  first  perplexed  me  in  regard  to  this  view  was  the  sight  of 
my  living  Amblystomas  reared  from  the  larvaa  of  the  Axolotl.  These 
creatares  by  no  means  show  a  variation  from  the  Axolotl  in  single  traits 
merely,  but  they  are  distinguished  from  it  in  their  entire  habit;  they 
differ  somewhat  in  all  parts;  although  slightly  in  many,  iu  others  quite 
decidedly;  in  short  they  have  become  entirely  different  animala.  Corre- 
sponding to  this  they  also  live  qoite  differently ;  no  longer  go  into  the 
water,  but  prefer  in  the  daytime  to  keep  hidden  in  the  damp  moss  of 
tbeir  prison,  and  at  night  come  forth  to  seek  their  food  on  the  dry  land. 

*"Ueb«ircl«nEiuflu?H  derIsolirii[i^u,ut  die  Artl)ilduDt;"(0[]  IbeliiflaetioeoIlMlittiou 
upon  the  Fonuation  ol'  Specius),  Luipsic,  187^,  p.  33. 
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To  be  sare  I  could  have  perceived  the  great  difference  between  tbe 
two  stages  of  development  from  tlie  anatomical  data  long  familiar  to 
me  wMch  Dnm^ril  bad  given  on  tbe  structure  of  bis  AmblystoDias; 
but  tbe  reading  over  of  many  statements  in  detail  gives  no  living  pict- 
ure. At  any  rate  the  sight  of  tbe  living  animal  first  bronght  me  to  the 
consciousness  bow  comprehensive  is  the  cbauge  we  have  to  do  with 
here;  that  by  no  means  does  it  merely  concern  those  parts  which  are 
<lii<ectly  affected  by  the  alteration  in  the  mode  of  life,  but  that  most, 
it  uot  all,  parts  of  the  animal  undergo  a  transformation,  which  isan  be 
-very  well  explained  in  part  as  the  morphological  adaptation  to  new  cod- 
■ditiODS  of  life,  in  part  as  consequences  of  these  adaptations  (correlative 
'Changes),  but  cannot  by  any  possibility  be  explained  in  a  word  as  the  sud- 
denly appearing  effect  of  these  changed  conditions  of  life.  Such  at  least  is 
my  view,  according  to  which  a  sudden  development  of  the  species,  snob 
as  must  have  talien  place  here,  is  quite  inconceivable.  I  willingly  ac- 
knowledge that  a  few  years  ago  the  qnestion  whether  such  sudden  de- 
-velopment  occurs  was  still  an  open  one  for  me,  but  since  then  my  invest- 
igations bave'lcept  urging  me  to  the  conviction  that  it  does  not  occnr  at 
all,  as  I  shall  show  in  another  place.  Here  1  have  to  confine  myself  to 
ttie  esamiDatioD  of  this  individual  case;  a  case  which^ appears  to  me — 
as  was  above  intimated — quite  peculiarly  suited  to  shed  light  decisively 
upon  the  great  alternative,  about  which  at  the  present  momeot  tbe  war 
of  opinions  is  centered,  in  regard  to  tbe  doctrine  of  descent. 

I  may  well  assnme  that  hitherto  it  has  been  with  most  students  in 
Tegaxd  to  the  n)etamorpbosis  of  the  Axoloti  very  much  as  with  myself; 
it  did  not  come  to  their  consciousness  how  far  the  transformation  goes; 
and  so  it  may  need  to  be  made  plain  that  tbe  theoretical  importance  of 
tbecaseand  its  value  as  a  basts  of  infereupe  was  not  properly  emphasized 
by  either  side.  But  it  is  evidently  a  case  of  quite  unusual  significance 
for  the  principles  involved.  I  believe  it  may  be  easily  shown  that  tbe 
hitherto  pretty  generally  admitted  esplanatiou  of  tbe  history  of  the 
Paris  Asolotl's  transformation  includes  at  the  same  time  thii  recogni- 
tion of  a  very  far-reacbing  principle,  namely:  if  this  explanation  were 
the  correct  one,  then  in  my  judgment  would  beat  the  same  time  demon- 
strated as  correct  tbe  opinion  of  those  who,  like  Eollikeb,  Askenasy, 
KXgkli,  and  among  the  philosophers  Hartmann  and  Hubeb,  would 
refer  the  transmutation  of  the  species  in  tbe  first  instaDce  to  a  motive 
power  dwelling  within  the  organisms,  to  an  active,  i,  e.  spontaneous, 
"law  of  development,"  a  "priuoiple  of  perfection,"  or,  as  I  should  pre- 
fer to  name  it,  a  phyletie  titot  energy,  in  contrast  to  the  exactly  corre- 
sponding vital  energy  of  the  so-called  "philosopher  domain"  in  the 
nature  of  ontogenesis. 

If,  namely,  theAxoIotls  that  have  become  Ambly stomas  ore  to  be  taken 
as  individuals  which,  stitnnlated  by  external  induences,  have  hastened 
on  in  advance  of  the  remaining  individuals  in  their  phyletie  develop- 
ment, then  this  advaoce  can  only  be  placed  to  tbe  account  of  a  phy> 
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letio  vital  energy;  for  the  trausformation  is  a  sudden  one;  it  leaves  tio 
time  for  gradoal  adaptation  in  the  conrBe  of  generations.  Indirect  infiu- 
enceof  the  external  relations  of  life,  i.e.  natural  selection,  is  accordingly 
excluded  from  the  first;  but  direct  iuflnence  of  the  altered  circnmstanceu 
of  life  does  not  snfQoe  by  a  great  way  to  explain  the  total  transforma- 
tion of  the  whole  atractare,  as  I  have  already  intimated  and  will  now 
show  more  minutely. 

The  distinctions  between  the  Paris  Axolotl  and  its  resulting  Amlily- 
stoma  are,  according  to  Dtjm^bil,  K5llikbb,  and  my  own  observations, 
the  following ; 

1.  The  gills  disappear,  the  clefts  of  the  gills  close  np,  and  only  the 
foremost  of  the  anshes  of  the  gill  remains  in  existenoe;  the  other  arches 
vanish.    At  the  same  time  the  Os  hyoideum  is  changed  (DtruiflBiL). 

2.  The  crest  on  the  back  disappears  entirely  (Dum^bil). 

3.  Tlie  rudder-like  tail  changes  to  a  tail  like  a  salamander's  (Dum^eil), 
which  nevertheless  is  not  quite  circular  in  section  as  in  the  salamander, 
bat  is  somewhat  compressed  laterally  (Weismann). 

4.  The  skin  gets  yellowish- white  patches,  irregularly  distribnted  on 
the  sides  and  the  back  (DUM^Bn.),  while  at  the  same  time  its  former 
ground  color  of  grayish-black  changes  to  a  shiuing  greenish-blauk  (  Weis- 
uakn),  and,  besides,  the  shiny  secretion  Irom  the  skin  is  lost  and  the 
glands  of  the  skin  become  iudistinct  (Kollikeb). 

6.  The  eyes  become  prominent  and  the  popils  small  (Kollieeb),  aud 
eyelids  are  formed  which  can  close  the  eye  completely,  while  in  the 
Axolotl  only  a  narrow  circular  fold  surrounds  the  eye,  aud  it  cannot  be 
closed  (Weismakn). 

6.  The  t^ies  diminish  in  size  and  lose  their  skin-like  appendages  (KOl- 
likeb),  or,  more  precisely,  the  half  web-membranes  which  unite  the 
inner  ends  of  the  toes  on  all  the  feet  (Weishann). 

7.  The  palatal  teeth  io  this,  as  iu  all  Amblystomas,  stand  in  a  diag-- 
onal  row,  while  in  the  Axolotl,  like  the  Triton  larvie,  they  stand  at  tbo 
side  of  the  palatal  vault  forming  an  arched  band,  with  several  rows  of 
teeth."  (Dtjm6eil.  See  his  figure.  Zeitschrift  f.  wisseusch.  Zool.,  sxv 
Bd.,  Sup.,  p.  279.) 

8.  In  the  Axolotl  the  ander  jaw  has,  besides  the  teeth  on  the  upper  edge 
of  the  bone,  some  very  small  teeth  disposed  in  several  rows ;  these  latter 
disappear  after  the  metamorphosis  (Dum^bil).  I  add  thatthe  permanent 
teeth  belong  to  the  os  dentale,  the  temporary  ones  to  the  os  lyperoulareA 

■  Dum£ril  has  the  teeth  of  the  vomer  separated  fiom  those  of  the  os  palatiHian  by  u 
gap.  ProbaUj  this  was  aa  artificial  one,  as  Gagekbaitr  (Fbiedrich  &  Oagbnbaur, 
"Der  Sobadel  des  Axolotl"— The  SkaU  of  the  Axolotl— Wilizhnrg,  1849)  figares  tbo 
rows  of  teeth  without  iDtermption,  passing  over  from  one  bone  to  the  other.  The 
same  was  trae  in  three  Axolotla  which  1  esamioed  Id  regard  to  this  poiut;  moreover, 
this  little  difierenoe  is  quite  animporlant  iu  the  qnestioD  here  treated. 

I  See  O.  Hertwio,  "  Ueber  das  Zahosfstem  der  Amphibien  und  seine  BedeutniiK  fiir 
die  Genesis  dea  Bkelets  der  Mnndhohle."  (On  the  Dental  System  of  the  Amphibia,  and 
its  fiignificiince  foe  the  GeDcaia  of  the  SIceletoD  of  the  Month.)  Arch.  f.  Mikioakop. 
Aoat.,  Bd.  xi,  Supplemen theft,  1874. 
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9.  The  posterior  face  of  each  rertebrn  ia  slightly  hollowed  oat  before 
as  after  the  transformation,  but  the  anterior  face  is  leas  coucare  io.the 
Amblygtoma  than  id  the  Siredon  (DUM^RIL). 

The  details  cited  from  Duu^Bii.  nader  7  and  9  I  hare  not  bo  far  been 
able  to  confirm  by  personal  examination,  as  I  was  not  willing  to  kill  any 
of  my  living  Amblystomas,  only  for  the  purpose  of  verifying  the  details 
of  a  nataralist  in  whom  perfect  confidence  may  snrely  be  reposed.  In 
like  manner,  I  have  not  yet  seen  the  change  in  the  arches  of  tbe  gills. 
All  the  other  data  given  by  K5llieeb  or  Dvh^ril  I  caa  corrobomte 
completely. 

The  differences  in  stmcture  which  exist  between  Axolotl  aud  Am- 
blystoma  are  considerably  greater  and  more  important  than  those 
betweeu  neighboring  genera,  yes,  greater  than  are  foand  between 
tiie  families  of  the  Urodela.  Tbe  geaos  Siredun  without  any  doabt 
belongs  to  a  different  svborder  {lotn  the  genus  Amblystoma,  iuxo  vhich 
it  is  occasionally  transformed.  SxBACOH,  wbo  has  made  tbe  latest  ar- 
rangement of  this  group,  separates  the  suborder  of  the  Salamandrida 
from  that  of  the  Ichthyodea  by  the  posseEsion  of  eyelids  aad  by  the 
position  of  the  palatal  teetti  in  a  simple  row  on  the  posterior  edge  of  the 
palatal  bone  ;  while  in  the  Ichthyodea  the  lids  are  wanting  and  the  pal- 
atal teeth  either  "  stand  on  the  front  edge  of  the  palatal  bone  or  cover 
the  whole  surface  of  the  palate  as  brash-like  clusters."  How  would  it 
be  possible  now  to  regard  anatomical  characters  stauding  so  far  asunder 
as  transformations  which  had  been  suddenly  called  forth  by  a  siugle 
operation  of  varying  conditions  of  life  T 

Hand  in  hand  with  the  falling  out  of  the  old  palatal  teeth  and  tbe  ap- 
pearance of  new  goes  a  change  in  the  anatomical  structure  of  the  verte* 
bral  column,  and,  as  we  may  conclude  from  KOllikes's  entirely  ac- 
curate observation  on  the  stoppage  of  the  slimy  secretion  from  the  skin, 
in  the  histological  structure  of  the  skin  itself. 

Wbo  would  undertake  to  explaiu  all  these  deep-lying  changes  ns  the 
direct  and  sudden  effect  of  any  external  influences  whatever  operating 
but  oneet  And  even  if  any  one  had  an  inclination  to  explain  them  as 
resiiUg  of  the  loss  of  the  gills,  and  therefore  as  correlative  changes,  what 
would  such  a  correlation  be  bat  the  newly-christened  vital  energy  above 
spoken  off  For  if  from  one  variation  caused  by  direct  influence  of 
external  agencies  the  whole  body  can  through  correlation  transform  itself 
in  a  couple  of  days  just  so  in  all  its  parts  as  it  appears  beat  adapted/or 
the  new  conditions  of  life  in  which  it  is  henceforth  to  be,  then  the  word 
correlation  is  only  a  term,  by  which  nothing  is  explained,  bat  the 
search  for  a  better  explauatioa  is  hindered.  Then  it  Is  preferable  that 
we  simply  acknowledge  oar  belief  ia  a  phyletio  vital  energy. 

Moreover  it  certainly  is  not  allowable  even  to  wish  to  seek  an  explana- 
tion of  that  sort  (by  correlation),  for  we  Jcnow  some  Urodela  in  the  adult 
state  have  no  gills,  and  yet  possess  all  other  marks  of  the  Ichthyodea  :  lack 
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of  the  eyelids,  characteristic  type  of  the  palatal  teeth,  and  of  the  airange- 
meat  of  the  lingUBl  bones.  Snch  aie  the  genera  Ampkiuma  L.,  Mmo- 
poma  Harl.,  and  Grt/ptobranchut  v.  d.  Hoer.  The  flrat  tno  genera,  aa  is 
well  knows,  still  have  the  clefts  of  the  gills.  Crgptobran^us,  oii  the 
contrary,  has  lost  these  clefts,  which  are  grown  over  with  skin  as  in  the 
Amblystoma,  and  yet,  by  the  unanimous  testimony  of  all  syetematic 
zoologists,  it  is  a  genuine  fish-lizard  in  habit,  arrangement  of  the  lingnat 
bone,  palatal  teeth,*  &Q.  It  mast  be  added  that  even  the  Atvololl  itself 
may  lose  the  gills  withoutf  on  that  account,  changing  to  an  Amblyatoma.  I 
have  mentioned  elsewhere  that  in  Axolotis  which  are  kept  in  water  that 
is  shallow  and  still,  the  gills  frequently  grow  small ;  bnt  It  also  happens 
that  tbey  shrivel  ap  entirely.  I  have  an  Axolotl  preserved  iu  spirits, 
in  which  the  gills  are  shriveled  to  little  irregular  bunches;  at  the  same 
time  the  crest  on  the  back  is  so  completely  wanting  that  a  longitadinal 
furrow  has  appeared  iu  its  place,  and  on  the  tail  the  border  of  skin  has 
entirely  vanislied  from  the  lower  margin,  and  about  half  from  the  upper, 
Keverthelesa,  the  animal  is  widely  separated  in  structure  from  the 
Amblystoma :  it  has  the  arches  of  the  gills,  the  palatal  ttieth,  the  skin, 
&c.,  of  the  Axolotl. 

This  demonstrates,  therefore,  that  the  loss  of  the  gills  hy  no  means  must 
always  bring  after  it  all  the  other  variations  which  we  see  take  place  in  the 
metamorphosis  of  the  Axolotl;  that  these,  tlierefore,  are  by  no  means  the 
necessarily  and  immediately  appearing  result  of  that  loss.  Whether  they 
must  necessarily  appear  after  long  saccessioDS  of  geoeratLona,  whether 
also  the  descendants  of  Cryptobranchus  will  some  time  in  the  future  take 
the  structure  of  the  Salamandrida,  that  is  another  qnestroa  which  I 
should  not  like  to  answer  just  in  the  negative,  but  which  does  not  come 
into  the  acconot  here,  =«  we  are  considering  only  a  possible  sudden  resolt 
from  the  loss  of  the  gilts. 

The  question,  therefore,  seems  to  stand  thus :  Either  ov/r  apprehension 
vp  to  this  time  of  the  transformation  history  of  the  Axolotl  as  a  further 
development  of  the  species  is  incorrect,  or  the  existence  of  a  phyletic  vital 
energy  is  demonstrated  by  the  case  of  the  Axolotl  beyond  the  possibility  of  a 
refutation. 

Now  the  question  comes  up,  whether  the  facts  of  this  traneformatioQ 
history  do  not  also  admit  of  another  explanation.  I  believe  that  this  is 
at  any  rate  possible  and  that  another  interpretation  may  be  shown  aa 
the  correct  one  with  a  good  degree  of  probability. 

I  esteem  those  Amblystomas  which  in  individual  cases  have  developed  in 
confinement  from  Siredon  Mcxicanus  {syn.  pismformis),  aa  well  as  from  the 
Paris  Axolotl,  not  as  forms  of  advancement,  but  forms  of  retrogression. 
J  believe  that  the  Axolotla  which  to-day  live  in  the  lakes  of  Mexico  were 
already  Amblystomas  a  geological  (or  better  a  zoologieal)  epoch  earlier,  but 

■  Bee  Btranoh,  ZeiUcbrift.  f.  Wissenaoh.  Zaol.,  xzt  Bd.,  Bappl.,  p.  10. 
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that  thrtmgh  aUerationt  in  their  canditiona  of  life  they  have  aunk  back  to 
their  earlier  stage  of  the  Perennibranckiatea. 

Witboat  doubt  I  was  first  led  to  this  intepretntioD  by  tbe  results  I 
had  THaohed  io  my  studies  ou  the  seasoudimoFithisiii  of  butterflies.* 
There  also  we  have  the  guestioa  of  two  different  forms  under  wbicb  one 
and  tbe  same  species  appears,  and  of  wLlob  it  may  be  proved  as  [prob- 
able that  one  is  phyletically  the  older,  tbe  other  the  younger.  The 
younger  summer  form  has  in  my  view  proceeded  through  the  gradual 
warming  of  the  climate  from  the  winter  form  that  in  an  earlier  zoologi- 
cal epoch  was  the  only  one ;  but  tbia  latter,  the  primary  form,  has  uot 
ou  that  account  ceased  to  exist,  but  to-day  still  alternates  every  yeiir 
with  the  seeoudary,  the  summer  form. 

Kow  it  is  easy  with  the  season-dimorphous  butterflies  to  make  the 
summer  brood  assume  the  winter  form,  and  that  by  ezi>osing  tbeir 
pap»  rather  a  loug  time  to  a  lower  temperature;  and  it  may  be  made  in 
tbe  highest  degree  probable  that  this  suddenly  appearing  variatiou  or 
trausformation,  often  very  far  reaching,  is  sudden  io  apiiearance  only, 
and  is  but  apparently  tbe  result  of  cold  acting  upon  this  generation. 
Much  rather  iu  truth  the  variiition  depends  upon  a  reversion  to  tbe 
primary  form  of  the  species,  aod  therefore  tbe  cold  that  appears  but 
once  is  only  tbe  iiitpuUe  to  tM  revereioii,  but  not  tbe  true  came  of  the  trans- 
formation. This  cause  must  be  sought  iu  the  loug-coutinued  operation 
of  tbe  cold,  to  which  thousands  of  generations  of  the  ancestors  of  our 
living  butterflies  were  subjected,  and  whose  final  result  was  just  the 
winter  form. 

If  we  DOW  assume  for  a  moment  that  my  interpretation  of  the  Axolotl's 
transformatioD-history  as  just  given  is  correct,  we  have  relations  here 
which  are  in  many  respects  analogous  to  those  of  the  seosou-dimorphism. 
Io  be  sure  the  two  forms  in  this  case  no  longer  alternate  regularly  with 
each  other,  but  tbe  primary  form  may  occasioually  appear  in  place  of  the 
secondary,  and  this  result  from  tbe  shock  of  external  circumstances. 
As  there  we  succeed  in  stimulating  tbe  summer  brood  by  the  action  of 
cold  to  lay  aside  tbe  summer  form  and  adopt  the  winter  dress,  so  here 
we  are  able  to  lead  the  Axolotls  into  the  Amblystoma  state  by  com- 
pelling them  at  a  certain  age  to  bre.ithe  air. 

Further,  as  in  tbe  season-dimorphism,  it  may  be  shown  that  this 
trausformation  called  forth  by  artificial  means  is  only  in  appearance  a 
sudden  new  formation,  but  in  truth  a  reversion  to  the  much  older  win- 
ter form,  so  here  we  also  hod  to  do,  not  with  an  actual  new  formation  of 
tbe  species,  but  only  with  an  apparent  one,  a  reversion  to  the  phyletically 
older  form  of  tbe  species.  To  be  sure  that  sounds  very  paradosical  if 
here  is  a  form  that  must  have  come  by  reversion,  and  yet  it  must 
undoubtedly  be  accounted  as  the  more  h^hly  developed.     Bat  I  believe 

*  Studien  zur  DeeoetidenztheoTie,  L  Ueber  den  Saiaon-Dimorphigm  der  Scbmetter- 
liDge  (Stadies  on  tbe  Dootiioe  of  Deeoent,  L  Oa  tbe  SeasoD-DimorphlBm  of  Batter> 
dies),  Lelpeio,  187I>. 
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that  on  more  careful  coDBideratioo  macb  of  tbe  paradox  which  seems  to 
lie  iu  this  view  will  disappear. 

Before  all  else,  it  is  to  be  considered  that  the  phyletic  developmeot 
of  the  species  Deed  by  no  means  have  always  gone  direotl;  forward. 
We  have  esamplea  enongb  of  deTelopment  backward,  although  iu 
rather  a  diflfereat  seuae,  as  in  parasites  and  snch  forma,  which  have  sunk 
from  free  locomotion  to  the  sedentary  mode  of  life.  I  do  not  ignore  the 
difference  which  exists  between  this  sort  of  development  backward  by 
the  pining  away  of  certain  organs  or  systems  of  organs,  and  proper  re- 
version. The  latter  is  the  return  to  an  animal  form  already  once  existent, 
bnt  in  the  former  C9«e,  in  spite  of  all  simplification  of  the  organization, 
soinetliing  wholly  new  is  always  formed.  But  I  am  able  to  seo  nothing 
absard  as  to  principle  in  the  supposition  that  a  proper  reversion,  also, 
be  it  of  a  whole  species  or  of  the  indiTiduols  of  a  species  within  a  cer- 
tain habitat,  is  tboagbt  of  as  possible,  and  I  do  not  for  the  present  demand 
a  farther  fA)ncession.  Why,  for  example,  should  it  be  so  entirely  in- 
credible that  the  As  olotl,  in  a  time  long  past,  was  adapted  to  living  oil 
the  land,  that  It  gradually,  through  direct  nod  indirect  operation  of  al- 
tered conditions  of  life,  had  acquired  the  salamander  form,  bat  that 
later,  by  anewchangeof  the  circumstances  of  life  unfavorable  to  its  pres- 
ent organization,  it  has  again  fallen  back  into  the  old  form  or  one  lying 
near  it  t  At  any  rate,  such  a  supposition  contains  nothing  which  would 
stand  in  contradiction  with  well-known  facts,  but  can  be  snstaioed  in 
several  ways ;  and  finally,  it  recommends  itself  by  famishing,  at  least 
in  my  opinion,  the  only  possible  explanation  of  the  facts  before  us. 

The  above-mentioned  existence  of  a  whole  group  of  species  of  Ambly- 
stoma  shows  at  once  that  species  of  Siredon  can  rise  to  the  salamander 
form,  and  can  regularly  propagate  in  that  form ;  and  further,  that  this 
phytetic  advance  has  already  actually  taken  place  in  very  many  species. 
But  that  a  sinking  back  from  this  higher  stage  of  development  to  the 
lower  can  also  take  place,  several  observations  oa  oar  water  salaman- 
ders show. 

It  is  well  known  that  Tritons  under  some  circametouces  become,  as  it 
is  usually  expressed,  "  sexually  mature  in  the  larval  state." 

In  the  year  18G1  De  Filippi  •  found  in  a  swamp  by  Lake  Maggiore 
fifty  Tritons,  of  which  only  two  showed  the  strnctore  of  the  full  growu 
water  salamander;  bat  all  the  others  still  bad  their  gills,  yet  corre- 
sponded to  mature  animals  in  bodily  size  and  in  the  development  of  the 
sexual  organs,  and  that  iu  both  sexes. 

Filippi  determined  the  fact  that  these  "sexually  mature  larvee"  did 
not  merely  resemble  larvse  externally  by  the  possession  of  gills,  bnt  (bat 
they  also  presented  all  the  other  anatomical  marks  of  the  larvfe ;  that 
is,  the  characteristic  clusters  of  palatal  teeth  standing  on  both  sides, 
instead  of  the  later  simple  row,  and  a  vertebral  column,  which  still  has 
the  Chorda  dorsalis  running  through  its  whole  length. 

*  Solla  Imra  del  Triton  alpeetrit,  Arobivio  per  la  Zoologia,  1861. 
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AccotiJiQg  to  my  view  this  woalil  be  a  case  of  reversion  of  the  Triton 
to  Hie  phyletic  stage  lying  next  behind  ity  that  is,  tJie  Perennibranehiate  stage  ; 
and  lu  this  case  most  zoologists  who  stand  at  all  upoa  tbe  footiug 
of  the  doctriDo  of  desceat  will  agree  with  my  view,  I  at  leaat  woald 
coant  it  a  profitless  playing  with  words  If  any  one  should  speak  here  of 
larval  reproduction  and  believe  he  had  thereby  explained  anything.  In 
any  event  tbe  animal  becomes  sexually  matarein  the  condition  in  which 
it  first  appears  as  a  larva.  But  we  first  get  an  insight  int^  the  nature  of 
this  phenomenon  by  the  reflection  that  tbis  so  called  "sexually  mature 
larva"  has  precisely  the  structure  which  the  preceding  pbyletic  stage 
of  the  species  must  have  possessd ;  that  therefore  we  have  a  reversion 
of  the  individual  to  the  older  phyletic  stage  of  tbe  species.  I  es- 
teem it  au  error  when  DnsifiBiL  puts  this  case  of  the  Triton  in  par- 
allel with  the  genuine  larval  reproduction  of  Wagneb's  Ceeidomyia 
larviB,  There  it  in  certainly  not  reversion  to  an  older  phyletic  stage 
which  makes  the  larvEe  capable  of  reproduction;  for  these  larvee  present 
no  older  phyletic  stage  of  the  species,  but  must  have  arisen  at  the  same  Ume 
with  the  species  in  its  present  fjrm.  Tbe  vast  difference  in  the  structure 
of  tbe  larva  and  the  fly  is  not  explained  by  assuming  that  the  latter 
has  arisen  from  the  former  as  from  a  finished  given  quantity,  but  by 
this,  that  both  at  the  same  time  have  adapted  themselves  to  conditions 
of  life  furt,her  from  each  other.*  Begarded  phyletically,  these  larvse  are 
not  at  all  a  uecessary  point  of  transit  for  the  origin  of  the  fly.  They 
could  also  be  built  quite  otherwise,  without  the  form  of  the  fly  needing 
to  be  likewise  changed ;  for  the  stages  of  insect  transformation  vary 
independently  of  each  other,  corresponding  to  the  conditions  of  life  to 
which  they  are  subjected,  and  exert  no  influence  upon  each  other,  or 
only  a  very  slight  one,  in  the  determination  of  form,  as  I  shall  attempt 
to  demonstrate  in  another  place.  At  any  rate,  "the  ability  of  these 
laivse  (the  Ceeidomyia)  to  multiply  asexually  has  first  been  acquired  as 
a  secondary  matter,  as  already  follows  from  the  fact  that  there  are 
uamerons  species  of  the  same  genns  of  flies  which  do  not  feed  their 
young."  "  In  the  form  which  they  possess  to-day  they  can  never  have 
played  the  part  of  tbe  final  stage  of  ontogenesis,  and  therefore  also 
cannot  have  possessed  at  a  former  time  the  pow^r  of  sexual  repro- 
dnction.f  In  short,  we  have  to  do  here  with  geauine  larval  reproduction, 
but  in  the  Tritons  with  reversion  to  au  older  phyletic  stage. 

Kor  can  I  agree  witb  my  friend  Haeokel,  when  he  designates  the 
reversion  of  the  Tritons  as  "  adaptation  to  continued  life  in  the  water."  { 

One  would  only  be  able  to  speak  of  "  adaptation  "  in  this  case  by  tak- 
ing the  word  in  a  sense  quite  diflierent  from  that  with  wbicb  Dabwin 

■Compare,  alao,  Lobboce,  On  the  Origin  and  Metamorphoaes  of  Ineecta.  Loudoa, 
1874. 

18eo  my  paper  "Ueber  den  Saison-DimorphismiiB  der  SchmetterllDge,"  Lejpeio, 
1875,  p.  00. 

1 8ee  Habcsel's  ADtbropogenie,  p.  449. 
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aD(I  Wallaob  have  introduced  it  into  science.  Tbose  oatoralists  dis- 
tinguished by  tlie  word  a  gradaal  remod^liug  of  the  body,  taking  placo 
in  the  coarse  of  geaerations,  corresponding  to  tbe  new  demands  of  new 
coaditiona  of  life ;  in  other  words,  Ihe  operation  of  nataral  selection,  but 
not  a  result  from  causes  of  variation  suddenly  and  directly  acting  once 
and  in  one  generation. 

Jaat  because  the  vord  "  adaptation "  may,  according  to  cnstomary 
Qse  of  language,  be  used  in  many  different  senses,  it  wonld  be  desirable 
to  take  it  only  in  one  acceptation  and  to  have  tiiat  fixed  exactly ;  before 
all,  not  to  speak  of  adaptation  when  there  is  no  morphological  change,  bat 
ouly  a  sort  of  exchange  of  functions  iu  Dohqk's  senee.*  Thus,  for  exam- 
ple, when  FoBELt  shows  that  fresh-water  air-breathing  soaile,  wboee 
organization  is  calculiitcd  for  the  direct  breathing  of  the  air,  could 
nevertheless  pass  to  the  greatest  depths  of  the  Alpine  lakes,  while  tbey 
used  their  lungs  as  gills.  That  with  this  not  the  slightest  change  has 
taken  place  in  tbe  lungs,  is  shown  by  tbe  observations  of  v.  Siebold.f 

He  saw  the  Fulmonates  of  eballow  water  use  their  lungs  alternately 
for  direct  air-breathing  and  for  water  breathing,  according  as  the  atmos- 
pheric contents  of  tbe  water  was  less  or  greater.  If  witti  v.  Siebold  one 
should  apply  tbe  word  "  adaptation  "  simply  to  sacb  cases,  it  would 
lose  the  special  sense  which  was  originally  attached  to  it;  asatecbuical 
term  the  word  wonld  have  to  be  given  up. 

At  auy  rate ,  there  is  as  little  a  case  of  genuine  adaptation  in  the  Triton 
"larvEB"  that  were  capable  of  reproduction  as  in  tbe  AxolotI  exception- 
ally changing  to  the  Amblystoma.  In  both  cases,  also,  the  transforma- 
tion in  consideration  is  not  at  all  iuAispeueih\efor  the  li/e  of  the  individual. 
Mature  Tritons  (without  gills)  live,  as  I  have  witnessed,  many  months, 
probably  for  years,  in  deep  water,  altbougb  they  are  fitted  for  simple 
air-bre9<thing;  audAxolotls,  asl  have  already  stated  above,  can  live  quite 
well  for  years  in  shallow  and  quiet  water.  If  their  gills  shrivel,  yes, 
vanish  entirely,  this  also  yet  is  no  adaptation  in  tbe  Darwinian  sense,  but 
a  direct  result  of  external  influences,  principally  indeed  of  diminished  use. 

A  case  quite  analogous  to  Filiffi's  was  observed  in  1869  by  Jullien. 
Four  female  larvte  of  Lissotrilon  punctatua  Bell,  (synonym  for  Triton 
tteniatua  Sehnd.)  were  fished  ont  of  a  swamp  and  showed  themselves 
sexually  mature.  In  their  ovaries  tbey  had  matured  eggs,  ready  for 
laying,  and  two  of  them  also  actually  laid  tbe  eggs.  Four  male  larvee, 
which  were  taken  in  tbe  same  swamp,  showed  themselves  likewise 
developed  in  regard  to  bodily  size,  though  thny  bad  no  spermatozoa  in 
tbe  testicles,  but  only  sperm-producing  cells.§ 

'"Oer  Ureprang  der  Wirbeltbiere  aod  das  Princlp  dee  Fanctioasweohaets  "  (The 
-Origin  of  tbe  YertebratM  aod  tbe  Principle  of  tbe  ExobauKe  of  FunotionaJ.  Lripaic, 
1675, 

tFaDDs  profbnde  da  lac  L^mui;  Terbondl.  d.  Scbweli.  Natacforach.  Oesellaobafb 
VDeep  Fauna  of  Lake  Oeoeva).    Scbafibansen,  1873. 

t  Zeitscbrift  f.  Wiisenscbaftl.  Zool.  (Joarnal  of  Kcieutiflc  Zoology),  bd.  zzili,  1873. 

i  Compt.  Bend.,  t.  Ixviil,  p.  938, 939  (ProceedingB  of  theFrrncb  Academy  of  Sciences). 
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A  third  case  of  the  same  kind  I  find  eited^  by  Seydig,  in  his  essay, 
"Ueber  die  Molche  der  WiirtembergiBcheii  Fauna"  (On  the  Salamanders 
in  the  Fauna,  of  Wiirtemberg),  so  rich  in  interesting  detail.  Schreibbbs, 
the  former  director  of  the  Vienna  Cabinet  of  Natnral  History,  likewise 
fonnd  "  larvae"  of  Triton  with  gills  well  developed, but  of  the  size  of  "  adult 
males,"  and,  aa  anatomical  examination  showed,  with  well  developed 
sexnal  organs,  as  well  as  ovaries  filled  with  eggs. 

So,  therefore,  it  is  established  that  species  which  long  ago  attained 
thestageof  Salamandridain  the  phyletlc  development  may  occasionally 
sink  back  to  the  stage  of  Perennibranohiates.  Evidently,  this  fact  makes 
my  view  of  the  Axolotl  as  a  form  of  reversion  appear  much  less  para- 
doxical. Indeed,  the  cases  of  reversion  in  the  Triton  are  directly  anal- 
ogous to  the  transaction  I  suppose  for  the  Axolotl. 

We  only  need  suppose  Amblystomas  in  the  place  of  the  Tritons,  and 
consider  the  swamp  in  which  db  Filifpi  found  his  "sexually  mature 
Triton  larvse"  expanded  to  the  Lake  of  Mexico,  regarding,  also,  the  un- 
known, and  perhaps  in  this  case  temporary,  causes  of  the  reversion  as 
permanent,  and  we  have  everything  which  is  necessary  to  the  restoration 
of  tb6  Axolotl  as  we  know  it  today,  we  obtain  a  Ferenmbranchiate  popu- 
lation of  the  lake. 

It  is  not  even  yet  determined  whether,  in  that  swamp  of  DB  Filippi 
the  Perennibrauchiate  form  of  the  Tritou  does  not  actually  prevail  per- 
manently,  for  it  has  not,  to  my  knowledge,  been  examined  since  in  regard 
to  this  subject. 

But  if  we  assume  for  a  moment  that  it  actually  were  so,  that  a  colony 
of  Perenni branchiate  Tritons  lived  there,  carrying  on  reproduction  sexu- 
ally, should  we  wonder  if  occasionally,  also,  a  genuine  Triton  came  from 
our  brood,  if  we  could  succeed  in  stimulating  most  individuals  of  this 
brood  by  removal  into  shallow  water  to  the  metamorphosis  into  Tritons  t 
But  just  so  it  is  according  to  my  view  with  the  Mexican  Axolotl. 

But  I  need  not  limit  myself  to  support  my  hypothesis,  but  must  also 
directly  assail  the  teoability  of  the  one  hitherto  held,  for  it  stands  in  op- 
position to  facts. 

If  we  really  had  in  the  Axolotl  a  suddenly  occurring  phyletlc  further 
development,  then  one  fact  would  remain  wholly  incomprehensible, 
namely,  the  sterility  of  the  Amhlijstomas. 

Of  about  thirty  Amblystomas  which  Dumfiril  had  obtained  up  to  the 
year  1870,  full  sexual  maturity  had  not  nppeored  in  a  single  oue ;  neither 
copulation  nor  the  simple  lading  of  eggs  had  taken  place,  and  the  indi- 
viduals that  were  examined  .'latomically  showed  the  eggs  immature  aud 
the  spermatozoa  present  iiiii>  ed,  hut  without  the  undulating  membrane 
belonging  to  all  the  Salam  a  i  irida.  They  were  not  destitute  of  all  power 
of  motion,  but  as  Quatri.fages  stated,  only  moving  imperfectly.! 

*  Arohiv  f.  Naturgeechicbti:  (ATchivea  for  Natural  HiHtor;),  1667. 
I  Compt.  Beud.,  t.  Ixs,  l^TO. 
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The  five  Amblystomas,  on  vhicli  I  have  reported  beie,  bare  sbown,  np 
to  the  present  time,  no  appearances  of  reproiluction. 

It  is  evidently  an  objection  that  will  very  poorly  stand  tbe  test  v/hm 
Saco  •  attribates  the  sterility  of  the  Amblystomas  reared  from  Axolotls 
to  "poor  food,"  Why,  then,  do  the  Axolotla  reprodnce  so  easily  when 
they  are  fed  exactly  the  same  t  I  can  also  state  expressly  that  my  Am- 
blystomas arequite  excellently  fed.  To  be  snre,  these  have  hardly  reached 
the  age  of  one  and  a  half  years;  but  the  Axolotls  propagate  tbe  second 
year,  and  some  of  Duh^bil's  Amblystomas  were  five  years  old  in  1870. 

The  fact  of  sterility  stands  in  clear  opposition  to  the  view  that  these 
Amblystomas  are  the  regular  advanced  guards  of  the  genns  Siredon  as 
it  moves  forward  in  phyletic  development.  To  be  sure  I  will  by  no 
means  maintain  that  my  theory  of  reversion  could  actually  explain  the 
sterility,  bat  at  least  it  does  not  stand  directly  in  contradiction  with  it 
Mere  forms  of  reversion  may  perish  without  reproducing  themselves. 
A  new  form  called  forth  by  the  working  of  an  unknown  phyletic  vital 
energy  cannot  be  a  sterile  one,  because  this  directly  destroys  again  the 
"purpose"  which  the  vital  energy  iBparsning.  Tbe  idea  of  the  vital 
energy  includes  that  of  teleology. 

Moreover,  from  our  standpoint  the  sterility  of  tbe  Amblystomas  may 
be,  if  not  completely  understood,  yet  shown  as  a  phenomenon  that  does 
not  stand  quite  alone.  In  the  case  of  the  Ltssoirtton  punciatus,  as  quoted 
above,  the /emaZe  "larvse"  were  at  any  rate  sexhally  mature  and  laid 
eggs,  but  at  the  same  time  the  males  had  no  perfected  spermatozoa  in 
tbe  testicles. 

Other  cases  of  the  kind  are  not  known  tome.  At  tbe  time  when  I  made 
my  experiments  with  batterflies,  as  mentioned  above,  this  point  of  view 
was  still  nnseen,  and  so  I  neglected  to  examine  the  artificially  produced 
forms  of  reversion  in  regard  to  their  organs  of  generation.  Bat  general 
principles  also  lead  to  tbe  conclusion  that  atavistic  forms  may  easily 
remain  sterile. 

Darwin*  finds  the  most  immediate  causes  of  sterility,  first,  in  the 
operation  of  widely  varying  circumstances  of  life;  and,  second,  in  the 
crossing  of  individuals  with  widely  differing  constitutions.  Varying 
circum8t8,nces  of  life  are  at  any  rate  what  induce  the  transformation  of 
the  AxolotI,  and  from  this  point  of  view  it  could  not  be  surprising  if  we 
find  those  individuals  sterile,  which  have  precisely  shown  themselves  as 
especially  affected  by  these  altered  conilitious  of  life,  since  they  have 
reverted  to  the  salamander  form.  In  this  reasoning  it  is  by  no  means  as- 
serted that  reversion  always  and  witltout  exception  is  accompanied  by  ster- 
ility. Nor  can  it  be  objected  to  my  interpretation  of  the  Axolotl's  trans- 
formation that  through  reversion  a  colony  of  Axolotls  capable  of  reproduc- 
tion never  conld  have  arisen.    On  thecontrary,  JuLLiEit's  female  Triton 

'Ball.  Soc.  Nench&tol,  Bd.  vUi,  p.  192,  a  refereoce  to  the  place  In  Trosoliers  Jahrea- 
berioht  (AoDTial  Report),  for  1809. 
'Origin  of  Species,  5th  edition,  p.  325. 
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larvae  that  laid  eggs  exactly  prove  tbat  even  in  reversion  tUe  power  of 
reprodnotion  may  remain  complete.  From  tbe  universal  causes  of  ster- 
ility mentiotied  above,  it  mey  be  inferred  tbat  tbrongh  tboae  causes 
fruitfuloess  may  be  lost  in  different  degree:  and,  further,  it  may  in  a 
measure  be  understood  wby  the  frnitfulness  is  more  completely  lost  in 
the  reversion  to  the  Amblystoma  form  tban  in  the  reversion  of  tbe  Tri- 
ton to  the  Ferennlbranchiate  form. 

If  in  these  cases  the  reversion  is  called  forth  by  altering  the  con- 
ditions of  life,  one  may  perhaps  imagine  tbat  tbe  extent  of  this  altera- 
tion will  also  fix  the  degree  of  fertility  wbicb  the  atavistic  form  cau  pre- 
serve ;  but  still  more  will  the  fertility  be  influenced  by  the  extent  of  the 
morphological  skip  which  is  made  in  the  reversion. 

We  know  that  the  blending  of  widely  varying  constitutions  {e.  g.,  in 
the  crossing  of  dififerent  species)  produces  sterility.  Something  similar 
takes  place  also  in  tbe  sudden  reversion  to  a  stage  of  development  widely 
varyintr  in  its  whole  structure.  Here  also  takes  place  to  a  certain  extent 
the  union  of  two  very  different  constitutions  in  one  individual,  a  sort  of 
crossing. 

From  this  point  of  view  it  may  be,  to  some  extent,  understood  why 
sterility  may  be  a  result  of  the  reversion,  but,  on  the  other  baud,  we  ob- 
tain no  explanation  why  with  the  same  breadth  of  morphological  varia- 
tion there  occurs  in  one  case  complete  sterility,  in  the  other  relative 
fruitfulness.  Tbe  extent  of  the  morphological  contrast  is  exactly  the 
same  between  Azolotl  and  Amblystoma  as  between  Triton  and  its 
"sexually  mature  larvae."  The  differenco  in  the  two  cases  of  reversion 
lies  entirely  in  the  direction  of  the  skip,  which  in  tbe  first  case  is  made 
exactly  in  the  contrary  direction  to  that  in  the  second. 

Jnst  in  that  I  would  seek  the  reason  for  the  varying  force  with 
which  the  power  of  reproduction  is  affected ;  not  in  tbe  direction  of  the 
leap  in  and  for  itself^  but  in  the  differences  of  tbe  ontogenesis,  which 
are  conditioned  upon  the  direction  of  the  leap. 

The  reversion  of  tbe  Triton  to  sn  older  phyletio  stage  coincides  with 
remaining  upon  a  younger  ontogenetic  stage ;  or,  in  other  words,  the  older 
stage  of  phylogenesis,  to  which  tlie  reversion  talces  place,  is  still  entirely  in- 
cluded in  the  ontogenesis  of  every  individual.  Every  Triton  is  a  Pereuni- 
brancbiate  for  a  considerable  portion  of  its  life;  the  individual  that 
makes  the  reversion  simply  reverts  to  an  older  phyletic  stage  by  re- 
maining in  the  larva  stage  of  its  individual  development. 

Quite  otherwise  with  the  reversion  of  tbe  Axolotl  to  tbe  Amblystoma 
form,  which  had  been  once  reached  at  some  former  time,  but  long  since 
given  up.  This  is  not  included  in  the  ontogenesis  of  the  Axolotl,  but  has 
entirely  fallen  out.  For  a  long  succession  of  generations — so  we  must 
suppose — tbe  ontogenesis  has  always  proceeded  only  to  the  Perenni- 
branchiate  form.  If  now  single  individuals  are  made  to  revert  to  Ibe 
Amblystoma  form,  no  greater  leap  in  respect  to  morphology  is  ma<1e 
than  in  tbe  reversion  of  the  Triton  to  tbe  Percunibranchiate  form.    At 
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the  same  time  It  iavolvea  a  leap  in  an  opposite  direetion,  namely,  a  leap 
away  over  a  long  sacceBsion  of  generations,  back  to  an  animal  form, 
whicli  for  a  long  time  the  species  bad  not  prodaced,  wbich  to  a  certun 
extent  bad  become  foreign  to  it. 

We  Bboald  therefore  have  here  also  tbe  coincident  effect  upon  tha 
Axolotl's  constitution  of  a  widely  differeDt  constitntion,  or — if  one  pre- 
fers— the  blending  of  two  widely  varying  eonstitutioos. 

Of  course  I  am  very  far  from  wishing  to  give  this  explanation  for  an 
exact  one.  It  is  nothing  more  than  an  attempt  to  point  ont  the 
force  in  which  we  are  to  seek  for  the  cause  of  the  varying  extent  to 
wbich  tbe  power  of  reproduction  is  affected.  To  investigate  more 
deeply  and  to  demonstrate  specially  in  wbat  manner  this  force  comes 
into  operation  mast  be  left  to  a  later  time.  For  the  present  it  mnst 
snEBce  to  have  shown  in  this  connection  that  in  general  an  essential 
difference  exists  between  the  two  kinds  of  reversion,  as  well  as  to  havo 
made  it  iu  some  measure  comprehensible  that  this  difference  may  be 
the  motive  force  in  relation  to  the  question  of  sterility.  Perhaps  tbe 
law  involved  here  may  some  day  be  formulated  thus :  Atavistia  individ- 
uala  lose  the  power  of  reproduction  the  more  completelt/  as  the  series  of 
generations  of  their  ancestors  is  longer  whose  ontogenesis  no  longer  contains 
the  phyletically  older  stage  to  which  the  reversion  takes  place. 

Consequently  our  hypothesis,  which  regards  the  traoBformation  of  the 
Axolotl  as  a  reversion,  offers  as  at  once  tbe  possibility  of  learning  to 
understand  the  sterility  of  tbe  Amblystomas  produced  from  Axolotls. 
So  on  the  contrary  tbe  observed  sterility  of  these  Amblystomas  is  for 
those  who  think  that  a  pbyletic  vital  energy  was  here  exertf  d — let  it  be 
named  whatever  it  may — not  only  '*a  veritable  scientific  enigma,"  as 
Dinu:£BiL  expresses  himself,  but  a  complete  parodox.  Of  ancb  a  design- 
ing, impelling  principle  it  ought  to  be  expected  that  it  would  bring  forth 
new  forms  capable  of  life  and  not  decayed  to  tbe  point  of  dying  out ;  and 
this  so  much  the  more  since  there  is  concerned  a  combination  of  stmc- 
tnral  peculiarities,  wbich,  when  it  has  originated  in  another  way  (namely, 
from  other  species  of  Siredon),  has  already  long  ago  sh^wn  itself  capable  of 
life  and  reproduction.  We  know  species  of  Amblyetoma  which  reproduce 
as  such,  and  every  one  of  wbich  comes  from  a  larva  like  the  Axolotl.  One 
cannot,  therefore,  explain  the  sterile  Amblystomas  which  the  Paris  Axo- 
lotl produces  as  an  unsuccessful  effort  of  tbe  vital  energy — an  explana- 
tion, which  to  be  sure,  would  be  in  and  for  itself  sufficiently  presump- 
tuous. 

But  now  it  may  be  asked,  Wlutt  cltange  in  Hie  conditions  of  life  could  it 
Jiave  been  which  made  tbe  Amblystoma  in  tJie  Jjdke  of  Mexico*  revert  to 
the  Siredon  form  t  To  be  sure,  I  can  only  answer  this  question  with  con- 
jectures, which  can  claim  but  a  limited  value  so  long  as  they  cannot  be 
snstiiined  by  a  more  exact  knowledge  of  the  circumstances  there  and 
tbe  habits  both  of  tbe  Axolotl  and  the  Amblyetoma. 

'As  we  do  not  know  tbo  origin  of  tbe  Paris  Axolotl,  I  must  oouliua  myself  in  tlie 
foUowioz  to  Sh-edon  Mexkaniu  bhaw.  ,  .  , 

M,    :  ,  Cookie 
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lu  gSDeral  it  may  be  presamed  that  the  same  external  influences 
demanded  the  reversion  wkick  at  an  earlier  time  called  forth  the  formation 
of  the  Perennibranchiate  stage. 

In  favor  of  tbis  coojectare  we  may  oddace  tbe  experimeDts  beie  com- 
muoicated,  for  evidently  it  ia  tbe  stiniulns  of  the  air  breatbiog  which 
brings  the  jomig  Axolotls  to  the  reverBion  to  the  Amblystoma  form, 
i.  e.,  tbe  same  stimnlns  nnder  whose  dominating  influence  the  Ambly- 
stoma form  must  have  arisen. 

Bnt  the  case  is  quite  similar  -with  the  seasoD-dimorphous  butterflies. 
There  a  reversioa  of  tbe  summer  brood  to  tbe  winter  form  is  most  easily 
called  forth  by  the  operation  of  cold,  i.  e.,  by  the  aame  influences  nnder 
whose  control  the  winter  form  was  developed.  We  know,  at  any  rate, 
that  revereion  may  arise  also  from  tbe  crossing  of  races  and  species, 
and  I  sought  to  show  that  reversion  in  butterflies  may  also  be  called 
forth  by  other  influences  than  cold.  But  the  most  probable  presumption 
is  evidently  the  one  that  the  reversion  was  induced  through  a  recurrence 
of  the  same  cause  which  to  a  certain  extent  produced  the  Perenni- 
branchiate form.  That  this  form  has  been  shaped  under  the  influence 
of  life  in  the  water  admits  of  no  donbt ;  and  so  my  conjecture  is  that  the 
hypothetical  Amblystoma  Mexicanum,  the  supposed  ancestral  form  of 
the  present  Axolotl  of  the  Lake  of  Mexico,  must  hane  been  brought  to 
revert  to  the  Perennibranchiate  form  by  tie  eircumstance  that  tlie  possibility 
of  going  on  land  was  taken  from  it  and  it  was  constrained  to  stay  in  the 
■water. 

I  will  not  reject  beforehand  every  other  opinion.  We  must  carefully 
distioiialsli  between  tbe  mere  provocations  ^bich  are  able  to  produce 
sudden  reversion  and  actual  causes  of  variation  which  have  for  their 
resnlt,  directly  or  indirectly,  tbe  molding  of  a  species.  So  it  would 
not  be  inconceivable  a  priori  that  reversion  should  occur  through  tbe 
working  of  an  impulse  which  has  nothing  to  do  with  the  origin  of  tbe 
pbyletically  older  form.  Certainly  temperature  has  had  no  share,  or 
only  a  very  slight  one,  in  the  fashioning  of  tbe  Perennibranchiate  form. 
Yet  cold,  in  and  for  itself,  might  quite  well  be  one  of  the  provocations 
which  one  day  caused  the  Amblystoma  form  to  revert  to  tbe  Siredoa 
fbrm ;  and  one  could  not  a  priori  contradict  Dx:  Saussube  when  he 
expresses  the  opinion  that  the  low  temperature  of  the  Mexican  winter 
must  hinder  the  transformation  (of  the  Axolotl  to  the  Amblystoma) 
which  bad  taken  place  "in  the  hot  reptile  room"  of  the  Paris  Jaidin  des 
Plantes.  He  supports  his  view  by  the  fact  that  "Tsohddi  has  fonnd 
the  Amblystoma"  (of  coarse  another  species)  *<in  the  hottest  part  of  tbe 
United  States."  "  On  tbe  plateau  of  Mexico,  however,  it  snows  every 
winter ;  and  although  the  lake  does  not  freeze,  its  temperature  must  sink 
very  low  near  the  surfbce." 

Bnt  altbough  no  theoretical  considerations  oppose  this  view,  yet  I  do 
not  think  it  correct.  I  question  very  much  that  it  was  tbe  temperature 
which  induced  tbe  change  from  the  Amblystoma  back  to  the  Axolotl, 
24  s 
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OT — according  to  Ue  Saussdbe'B  explanation — which  at  the  presei 
binders  the  transforniAtion  of  the  Azolotl  in  the  Lake  of  Mexico.  Th 
is  the  reason  for  toy  donht :  From  all  portiosa  of  the  United  States  to  tb 
northward  of  Kew  York  AmblyBtomas  have  been  collected ;  a  proof  tb 
even  a  macb  greater  degree  of  winter  cold  than  that  foand  on  tb 
plateau  of  Mexico  is  no  hinderance  for  the  transformation  of  tb 
Axolotl;  that  the  genus  does  not  prove  more  sensitive  in  this  respei 
than  oar  native  genera  of  Salamandrida, 

More  consideration  seems  to  me  to  be  deserved  by  the  followin 
remarks  of  Db  Baussube,  in  which  he  points  out  the  character  of  tb 
Mexican  lake  :  "  The  bottom  of  this  lake  is  flat,  so  that  one  comes  in 
perceptibly  &om  the  lake  to  wide,  swampy  regions  before  he  reacht 
firm  ground.  Perhaps  this  condition  makes  the  Axolotl  unable  to  gi 
to  the  dry  land,  and  so  hinders  the  transformation." 

At  any  rate  the  Lake  of  Mexico  offers  very  peculiar  conditions  of  lil 
for  an  amphibious  animal.  My  esteemed  friend,  Dr.  V.  Fbantziui 
called  my  attention  to  it  that  this  lake,  like  many  others  also  of  tb 
Mexican  lakes,  is  brackish.  At  the  time  of  the  couQueat  of  Mexic 
by  Ferdinand  Cortez  this  circumstance  caused  the  flnal  surrender,  a 
the  Spaniards  cut  off  the  water  from  the  besieged  and  the  lake  watc 
is  not  drinkable.  The  old  Mexicans  had  already  bailt  conduits  froi 
the  distant  mountains,  and  at  the  present  day  the  city  is  still  depeoc 
ent  OD  the  water  broaght  in  by  aqueducts. 

Sow,  this  saltness,  in  and  for  itself,  could  be  no  cause  for  the  falUng 
back  to  the  Perennibranchiate  form,  bnt  might  be  snch  a  cause,  in 
connection  with  other  peculiarities  of  the  lake.  The  shallowest  part  of 
the  lake  is  the  eastern,  and  only  in  this  part  does  the  Axolotl  live.  In  the 
winter  violent  storms  from  the  east  blow  regularly  and  persistently,  wbick 
come  down  from  the  mountains  and  drive  the  water  before  them  so  power- 
fully that  it  rises  in  the  western  part  of  the  lake  and  frequently  causes 
overflows  there,  while  &om  the  flat  eastern  shore  the  bottom  is  laid  com- 
pletely dry  for  2,000  feet.*  Now  if  one  pats  together  these  two  pecuh- 
arities,  the  salt  and  the  periodical  drying  of  a  part  of  the  lake-bottom  by 
continued  winds,  he  gets  at  any  rate  conditions  of  life  for  the  Axolotl 
such  as  can  be  found  in  very  few  other  places.  To  be  sure,  one  might 
attempt  to  turn  them  to  use  jnst  in  an  opposite  sense,  unfavorable  to  my 
theory,  for  the  withdrawing  of  the  water  from  a  great  part  of  the  lake 
bottom  ought — so  might  one  think — rather  to  make  easier  the  animal's 
transition  to  living  on  the  land ;  yes,just  compel  it  thereto.  Bnt  one  for- 
gets, however,  that  the  bared  lake-bottom  is  a  sterile  plain,  without  food 
and  without  hiding-place ;  above  all,  without  vegetation ;  and  farther, 
that  through  the  pretty  considerable  saltness  of  the  water  (specific 
gravity,  1.0215)  all  the  surface  laid  dry  must  be  covered  with  a  crust  of 
salt,  a  condition  which  will  make  feeding  on  the  land  just  impossible. 

■  Milbleupfordt,  VeMiich  eluer  (cetreoeD  Scbildemng  dec  Itopablik  Meijoo,  Hanover, 
1844,  ii.  p.  25S  (Attempt  at  a  trne  FiotnTO  of  tbeKepubtic  of  Mexico). 
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Chloride  and  carboDate  of  soda,  cbiefly,  are  dissolved  in  the  water  io  so 
sensible  a.  quantity  that  tbey  are  regularly  precipitated  as  a  crust  on  the 
shore  of  the  lake,  and  this  crust  is  gathered  there  during  the  dry  sea- 
son aud  comes  into  the  market  under  the  name  of  teqnisquite. 

So,  therefore,  there  is  no  lack  of  poiuts  of  support  for  the  conjectnre 
that  peculiar  circainstances  made  life  oa  the  land  more  difficult  to  the 
animal  than  life  iu  the  water,  and  this  alone  might  have  been  suffloient 
to  bring  it  back  to  the  habit  of  water-life  only,  and  with  that  also  to  the 
reversion  into  the  Perennibranchiate  or  Icbtbyodea  form. 

Yet  a  truce  to  conjectures.  We  cannot  lament  that  from  tbe  great  dis- 
tance aud  lapse  of  time,  we  are  not  in  the  condition  to  ascertain  with 
defiuiteness  the  causes  which  compelled  the  Axolotl  to  give  up  the 
Amhlystoma  stage,  so  long  as  we  are  not  able  to,  solve  the  case  of  rever- 
sion that  lies  much  nearer  to  ns  in  the  Tritons  of  Filipfi  and  JULLIEN. 
Yet  here,  also,  universal  causes  ofTecting  the  whole  colony  of  Tritons 
must  have  been  at  tbe  foundation,  since,  at  least  in  Filipfi's  case,  the 
great  majority  of  the  individuals  remained  in  the  larva  state.  It  must 
be  that  experiments  with  Triton  larvte  would  bring  greater  clearness 
here ;  they  would  have  to  determine,  before  all  else,  whether  the  rever- 
sion can  be  called  forth  artificially,  and,  if  this  is  the  case,  through  what 
influences. 

According  to  tbe  above-quoted  experiences  with  butterflies,  as  well 
as  according  to  the  results  attained  with  Axolotls,  we  should  have  to 
expect  with  the  Tritons  that  the  reversion  to  the  Ichthyode  form  would 
occur  if  one  would  continne  the  stimulus  of  the  water  bathing  tbe  gills 
and  the  whole  body,  and  at  the  same  time  would  take  away  the  stimu- 
lus under  whose  operation  the  Salamandrida  form  has  been  fashioned — 
the  stimulus  of  the  air  bathing  the  gills,  tbe  skin,  and  the  lungs.  I 
hope  at  a  later  time  to  be  able  to  report  on  experiments  of  this  kind.* 

Ko  one  will  wish  to  object  to  my  hypothesis  of  reversion,  that  on  one 
side  it  opposes  what  it  of  itself  postulates  on  the  other  side :  a  sudden 
cStange  of  structure.  The  cbnracteristic  of  the  reversion  is  precisely  in 
reaching  at  a  bound  an  older,  that  is,  au  earlier  existing  phyletic  stage. 
That  this  occurs  is  a  fact ;  while  the  reaching  at  a  bound,  to  express 
myself  figuratively,  of  an  aim  (pardon  the  word)  that  lies  forward  has 
never  yet  been  proved  or  even  made  probable. 

But  as  we  succeeded  iu  finding  in  the  Axolotl's  present  conditions  of 
life-forces  which  make  its  life  on  the  land  difficult  or  qnite  impossible, 
and  therefore  show  a  motive  for  that  return  to  the  Ichthyodea  form 
which  seems  to  have  taken  place ;  so  can  the  other  side  of  my  hypothesis 


'At  a,ay  rate,  Schrbjsbrs  seems,  in  hia  easay  already  cited  above,  to  have  ci 
cated  experimenta  from  whicli  it  fo3loiT8,iks  Lbvdig  recapitnlates  them  in  tlie  place 
referred  to,  tbut  the  lost  oliange,  i.  e.,  tbe  ioas  of  the  gilla,  "  may  be  delayed  by  forcible 
moans."  To  be  sure,  it  does  not  follow  from  tiiia  th^t  the  aaimaia  of  the  esperimeat 
.nlao  became  aexualiy  matnre  at  the  same  time.  Unfortunately  l.ooold  not  myself  es- 
nmiae  the  paper,  as  the  volnme  of  tbe  Iria  for  1633,  oa  referred  to,  contains  nothiag 
of  the  liitia,  and  I  have  lived  for  a  long  tim«  at  a.  distance  from  any  large  library. 
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be  sapported  by  facts,  namely,  the  assnmptioD  that  the  anceBtors  of  t 
AxolotI  had  at  an  earlier  time  already  been  Amblystomas. 

We  knov  from  Hu»BOLDT  *  that  the  surface  of  the  Lake  of  Mexi 
once  lay  considerably  higher  tban  at  present,  and  that  in  a  time  co. 
paratively  modern.  We  know,  further,  that  the  plateau  of  Mexico  Vi 
covered  with  forest,  while  now  tlie  forest  has  vanished  where  the  sett 
.  ments  of  man,  esi)eciiilly  of  the  Spaniards,  have  reached.  Now,  if  c 
may  suppose  that  somewhere  abont  the  diluvial  epoch  the  moanti' 
forest  extended  to  the  edge  of  the  lake,  then  still  deep  and  with  »bri 
shores  and  containing  considerably  loss  salt,  we  have  indicated  con 
tions  of  life  not  only  different  essentially  from  the  present  ones,  bat  a 
sncb  as  were  qnite  specially  favorable  for  the  shaping  of  a  species  - 
the  Salamandrida. 

Inthe  light  of  all  tbisi  believe  people  will  not  be  able  to  cast  op 
my  attempt  to  explain  the  ezceptional  metamorphosis  of  the  Axol 
from  the  Lake  of  Mexico  the  reproach  of  being  too  free  a  flight  of  fan 
At  any  rate  it  U  the  only  possible  explanation  which  can  be  opposed 
that  other  one  which  assumes  that  the  occasional  transformation  of  1 
AxolotI  is  not  reversion,  bnt  au  effort  to  advance.  And  this  assampt 
mast,  in  my  estimation,  be  rejected  on  parely  theoretical  gronods 
every  one  who  thinksa  sudden  transformation  of  species  inconceivable. 
least  when  it  is  joined  with  adaptations  to  new  conditions  of  life.  That 
sumption  mast  be  rejected  by  every  one  who  looks  apon  adaptations  iiv^ 
as  the  work  of  magic  arising  at  a  stroke,  bnt  as  the  final  result  of  n  long 
■snocession  of  natural  caascs,  though  separately  slight  and  imperceptible. 

Should  my  interpretation  of  the  fiicta  be  correct,  this  history  of  trans- 
formation would  not  have  a  significance  so  far-reaching  as  if  it  conid 
have  been  taken  in  favor  of  heterogeneous  creation,  namely :  in  that 
case,  demonstrating  the  existence  of  heterogeneous  creation,  it  would 
have  settled  the  question  between  that  and  transmutation,  Now,  on  the 
contrary,  it  brings  no  definite  decision,  because,  strictly  taken,  the 
refutation  of  sudden  transformation  in  one  case  only  proves  it  as  not 
present  for  this  one  case. 

But  it  is,  after  all,  a  contribution  to  the  gradual  and  complete  rejection 
of  snch  sudden  transformation.  If  one  case  after  another  which  seemed 
to  speak  for  heterogeneous  creation  is  proved  anteuable  on  that  theory, 
the  argument  by  induction  mast  finally  acquire  sufficient  strength  to  be 
acknowledged  as  satisfactory. 

If  my  view  of  the  facts  is  correct,  a  few  corollaries  result  from  it  which 
here  at  the  close  I  shoold  like  to  mention  briefly. 

First,  a  thing  that  is  more  external : 

If  the  Siredon  Mexicamu  Shaw  only  assumes  the  Amblystoma  form 
by  occasional  reversion,  but  never  reprodnces  bb  such,  but  only  as  Sire- 
don, we  cannot  approve  the  action  of  the  latest  writers  on  systematic 
zoology,  who  simply  strike  the  genus  Sirtidon  out  of  the  system,  and 


•See  MtthleopfoTdt's  book  already  quoted,  vol.  i. 
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bria;;  iu  the  Stredon  Mexicantis  aa  an  unwelcome  addition  under  the 
gcDns  Amhlyitojoa.  So  long  as  there  are  not  one  only,  but  several  species 
otSiredonoa  the  eartb,  whicb  are  regularly  reprodaced  as  8wo&  and  only 
as  snch,  so  long  the  genaa  exists.  And  if  we  would  not  quite  rob  the 
systematic  writers  of  the  hope  that  some  time  these  species  of  Stredon 
would  rise  to  be  Amhlystomas,  yet  it  corres^wnds  better  to  the  state  of 
things  now  existiugon  the  earth  if  we  still  allow  the  genus  Stredon  to  stand 
among  the  genera  of  flsb -salamanders  and  reckon  in  it  all  those  spedes 
wbicb,  like  the  Paris  Azolotl,  the  Siredon  Mexicanus  Shaw,  and  proba- 
bly a])40  Siredon  Uehenoides,  only  take  the  Amblystomoi  form  as  an  excep- 
tion or  by  artificial  influences,  but  without  reproducing  themselves  in  it. 

On  the  other  hand,  all  those  species  may  probably  be  added  to  the 
genus  Amblystoma  which  reproduce  in  this  state,  and  iu  which  tbe 
Perenui branchiate  stage  appears  only  as  a  larval  condition. 

To  make  this  distinction  iu  the  individual  case  will  be  chiefly  the  task 
of  the  American  naturalists,  from  whose  ever-increasing  activity  we  may 
hope  indeed  for  fuller  details  on  the  reproduction  of  the  numerous  spe- 
cies of  Amblystoma  in  their  native  land.  I  should  rejoice  if  my  expla- 
nations here  presented  should  give  an  impulse  to  such  investigations. 

The  second  corollary  to  which  I  referred  is  of  a  purely  theoretical 
nature.  It  concerns  an  addition  to  the  "fiatdataental  laic  in  tke  genesis 
of  life,"  first  set  forth  by  Fritz  Milller  and  Haeckel.  It  is  well  known 
that  this  is  stated  in  tbe  following  proposition :  The  Ontogenesis  contains 
in  itself  tbe  Phylogenesis,  more  or  less  contracted,  more  or  less  modi- 
fied. Although  the  proposition  canuot  be  rigidly  proved,  because  we 
have  no  means  of  seeing  the  phyletic  development  directly  nnfolded  be- 
fore our  eyes,  yet  its  correctness  and  general  validity  can  be  made  80 
highly  probable,  iu  an  indirect  way,  that  few  naturalists  of  the  present 
time  doubt  it  who  have  occupied  themselves  with  the  history  of  devel- 
opment and  comparative  morphology. 

Kow,  according  to  this  proposition,  every  stage  of  the  phyletic  devel- 
opment, when  it  is  displaced  by  a  later  one,  must  remain  included  in 
the  Ontogenesis,  and  therefore  come  to  light  iu  the  form  of  an  ontoge- 
netic stage  in  the  development  of  every  individoal.  Now,  with  this  my 
explanation  of  tbe  Axolotl's  transformatioD  appears  to  stand  in  contra- 
diction, for  the  Axoiotl  which  had  in  former  generations  been  an  Am- 
blystoma  contains  nothing  of  the  Amblystoma  in  its  Ontogenesis.  Kever- 
theless  the  contradiction  is  only  apparent.  As  soon  as  a  further  develop- 
taent  is  actually  in  guestion,  and  therefore  the  attainment  of  a  new  stage 
not  yet  realized,  so  soon  the  older  stage  is  taken  np  into  the  Ontogen- 
esis. Bat  it  is  not  so  when  the  new  is  not  actually  new,  but  has  at  a 
former  time  presented  the  final  stage  of  the  individnal  development,  or, 
la  other  words,  when  there  is  a  reversion,  not  of  the  single  individual, 
but  of  the  ffpeciea  as  such  to  the  preceding  phyletic  stage,  and,  therefore, 
a  phyletic  sinking  back  of  tbe  species.  In  this  case  tke  final  stage  of  the 
Ontogenesis  is  simply  eliminated,  it  falls  out,  and  tee  can  only  recognize  its 
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presence  fcy  the  fact  that  it  may  oceasionally  appear  aa  a  reversionary  Jbr. 
Tbas  the  Tritoa,  onder  some  circamstancea,  sinks  );ftok  to  the  Fereni 
braocbiate  stage,  bat  Dot  in  snob  a  way  tbat  tbe  ip  ^vidaal  would  fli 
become  a  Triton  and  tfaen  be  transformed  back  to  a  FerenQibranol 
ate,  but,  as  I  have  already  made  prominent  above,  simply  by  no  long 
reaching  the  stage  of  tbe  Salamandrida  and  remaining  npon  tbe  sta 
of  the  lehthyodea.  Tbns,  also,  according  to  my  hypothesis,  tbe  Sa 
mandrida  tbat  formerly  lived  on  the  shores  of  the  Lake  of  Mexico^  t 
Amblystoma  Mexicanum,  has  snnk  back  to  the  stage  of  the  fish'Salaina 
der,  and  the  only  trace  whicb  remains  to  us  of  his  former  height  of  ( 
velopment  is  just  tbe  inclination,  more  or  less  present  in  every  indiv 
oal,  to  reach  nnder  favorable  circumstances  the  salamander  stage  aga 

Bat  tbe  third  and  last  consequence  which  my  explanation  of  tbe  fat 
brings  with  it  lies  in  the  altered  part  which  would  be  assigned  by  it 
reversion  in  organic  oatare.  Hitherto  atavistic  forms  have  been  ; 
gaided  only  as  isolated,  exceptional  cases,  interesting,  to  be  sure,  ii 
high  degree  for  our  knowledge,  bat  without  significance  for  tbe  cotu 
of  development  of  organic  nature.  S'ow  a  real  Importance  would  ha 
to  be  allowed  them  in  this  latter  regard. 

I  should  assame  that  reversion  may  in  a  twofold  manner  be  a  ct 
troliing  power  for  the  preservation  or  restoration  of  a  form  of  life, 
one  case,  as  in  tbe  Axototl,  where  the  newer  form,  standing  organica 
higher,  becomes  untMiable  from  external  causes,  and  now,  as  a  furtt 
development  In  the  other  direction  does  not  seem  possible,  instead 
atmply  dying  ont,  a  reversion  of  the  species  to  the  older  and  less  higl ' 
organized  step  follows.    Bat,  second,  in  this  manner,  that  the  older  pny- 
letieform  is  not  dltogetker  given  vp,  while  the  younger  is  developed  from 
it,  but  tkat  it  alternates  periodically  with  the  younger,  aa  we  see  in  tbe 
season-dimorphous  butterflies.     One  will  hardly  urge  any  objectioa  to 
it  if  I  regard  the  alternation  of  summer  and  winter  form  in  these  as  a 
periodically  occurring  reversion  to  the  phyletically  older  form  (the  winter 
form). 

Tfaoogh  the  total  reversion  of  a  species,  as  I  assume  it  for  the  Asoloti, 
may  be  a  rarely-occarring  case,  the  periodically  or  cyclically  occurring 
reversien  sortiyis  notj  it  certainly  plays  a  considerable  part  in  the 
origin  of  varions  fosms  of  the  alteniEiting  or  cyclical  mode  of  reprodnc- 
tioa. 

POSTSCRIPT. 

It  was  intimated  in  tbe  foregoing  discnssion  that  the  causes  from 
which  I  derived  the  reversion  of  the  hypothetical  Amblystoma  Mexi- 
canum  to  the  Azi^U  ot  to-day,  did  not  aesm.  to  me  to  anfQce  completely 
forthe  explanatioB  of  tbe  phenomenon.  For  one  thing,  they  appeared 
to  mo  of  too  loeid  a  natnre,  as  th^  coald  only  be  applied  wit^  certainty 
to  the  Axolotl  firom  the  lake  of  the  Mexican  capital,  while  also  the  Paris 
Axolotl,  coming  tmai  another  part  of  Mexico,  regnires  on  explanation 
that  will  apply  to  bim.    Bat,  oa  the  other  hand,  they  did  not  seem  to 
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m«  cogeat  enough.  For  shoald  ve  even  learn  at  a  later  time  that  the 
Paris  Axolotl  al''  comea  from  a  salt  lake,  wliich  is  exposed  to  winds 
similar  to  those  c  *'je  Lake  of  Mexico,  yet  there  lies  after  all  in  these 
peculiarities  of  the  lakes  only  a  force  which  renders  di^Uiult  the  meta- 
morphosis of  the  larra  and  the  gaining  of  a  suitable  new  dwelling- 
place  OD  the  land.  The  impoaaiUHty  of  attaining  sacb  a  dwelling,  or 
indeed  the  total  lack  of  it,  does  not  necessarily  resalt  from  them. 

Evidently  it  wonld  he  a  much  more  sabstantial  support  for  my 
hypothesis  if  I  sacceeded  in  pointing  ont  forces  in  the  physical  relations 
of  the  country  tcMch  eniirelp  preclude  ike  existence  of  Aniblystoma  there. 
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THE    DIMINUTION    OP    THE   AQUEOUS   VAPOE   OP    THE 
ATMOSPHERE  WITH  INCREASE  OF  ALTITUDE. 

Br  Db.  Jnuus  Kakn. 


Mr.  Richard  Straotiey  has  pahlished,  ia  the  Proceedings  of  the  Royal 
Society  of  London,  March,  1861,  a  v&laable  work  "On  the  Distribution' 
of  Aqaeoas  Vapor  in  the  Upper  Farts  of  the  Atmosphere."    In  this,  lie 
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allows,  from  ttie  obserratioos  of  Hooker  and  bis  own  iu  tbe  Himalayas, 
as  well  as  from  tboae  tbat  WeiBb  made  in  foar  balloon  voyages^  tbat  tbe 
absolute  humidity  (or  tbe  vapor-tension)  diminishea  in  a  mucb  more 
rapid  ratio  witb  tbe  altitude  tban  would  be  tbe  case  in  an  independent 
atmosphere  of  vapor  snbjeot  to  its  own  pressure  only.  He  then  further 
shows  that  tbe  existence  of  an  independent  vapor  atmosphere  is  excluded 
by  the  rate  of  diminution  of  temperature  with  altitude  as  deduced  from 
all  known  observations  considered  together  with  tbe  vapor-tension 
observed  at  the  surface  of  the  earth.  This  latter  proposition  had  already 
been  mathematically  demonstrated  by  Bessel  in  1838.*  Of  course 
Stracbe;  concludes  further  tbat  it  is  not  admissible  to  subtract  the 
vapor-tension  from  the  barometric  pressore  in  order  to  obtain  the  pressure 
of  tbe  dry  atmosphere.t  By  means  of  an  estimate  based  npon  Hook- 
er's and  Welsh's  observations,  Straohey  finds  that  tbe  actual  pressure 
of  the  vapor  in  the  atmosphere  is  to  the  tension  observed  at  the  earth's 
surface  as  1  to  1.  Lament  arrived  at  the  result  1  to  5,  nearly  agreeing 
therewith,  by  making  Glaisber's  observations  the  base  of  his  computa- 
tion.^ 

Strachey  does  not  attempt  to  deduce  a  formula  for  the  diminution  of 
vapor- pressure  with  altitude  from  the  vapor-tensions  at  different  alti- 
tudes in  the  atmosphere,  as  communicated  by  him;  and  Lament  has,  iu 
the  above-cited  memoir,  expressed  his  conviction  of  the  non-existence  of 
any  regular  change  of  vapor-pressnre  with  altitude.  This  is,  Indeed,  a 
necessary  consequence  of  tbe  denial  of  Dalton's  vapor  atmosphere; 
according  to  this  view,  the  atmosphere  of  vapor  never  arrives  at  tbat 
condition  of  equilibrium  which  is  assumed  foritby  Dalton's  proposition 
of  an  independent  gaseons  atmosphere.  At  the  earth's  surface,  at  higher 
temperatures,  aqueous  vapors  are  developed  of  greater  tensions  than 
would  correspond  to  the -possible  vapor-tensions  that  obtain  at  the  lower 
temperatures  in  the  higher  strata  of  tbe  air.  Tbe  slow  diffasion  of 
aqueous  vapor  in  the  air  alone  prevents  its  rapid  continued  condensa- 
tion iu  the  upper  strata.  By  reason  of  ascending  currents  of  air,  as  well 
as  any  other  cooling  of  masses  of  moist  air,  there  occur,  now  here  and 
now  there,  condensations  of  vapor ;  and  under  snch  conditions  tbe 
existence  of  a  state  of  eqnilibrium  iu  the  vapor  atmosphere  cannot 
be  assumed.  Were  oxygen  and  nitrogen  continnally  produced,  and  at 
lower  temperatures  again  locally  condensed  In  tbe  same  proportions  as 
is  tbe  aqueous  vapor,  then  a  barometric  measurement  of  altitude  woald 
be  out  of  tbe  question.  We  mast  then  a  priori  refrain  equally  from  the 
dednction  of  any  law  permitting  one  to  determine  the  vapor-pressnre  at 
any  higher  or  lower  altitude  from  the  vapor-tension  observed  in  any 

*  BemarkB  on  BarometTio  Hypsometry,  A^tioii.  Haob.,  Band  16,  No.  356. 

t  We  expKMl;  uy  "  atmosphere,"  alaoe  it  is  of  caaiBS  petmluible  for  phyaicBl  pat- 
poaes  to  sabtract  the  rapor-tensioa  from  the  baiometrio  prWiaTe  in  order  to  obtain  tbe 
weight  or  the  pressoro  of  the  dry  air  within  a  deftoite  apaoe. 

t  See  this  Jonrool,  ili,  291. 
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atmospberic  stratum,  and  &om  the  deduction  of  a  similar  la\r  for  the 
temperature. 

But  if  ve  esamioe  the  Tapor-tensions  for  different  altitadea  as  givei 
by  Stracliey,  ve  are  sarprised  at  the  agreement  on  the  one  hand  be 
tween  the  resnlts  of  the  observations  that  Welsh  made  during  bis  ba! 
looD  voyages  and  those  that  Hooker  and  Strachey  made  in  the  Hima 
layae,  and  on  the  other  band  at  the  agreement  of  the  latter  among  them 
selves,  especially  at  the  greater  altitades.  This  unexpected  fact  indacei 
me,  following  Strochey's  steps,  to  compote  the  observatiooa  of  Glaisb 
er's  balloon  voyages;  and  since  the  fignres  thns  obtained  agreed  vei: 
eatisfactorily  with  those  of  Sti'achey,  I  collected  also  the  material  know 
to  me  relative  to  observations  of  hnmidity  at  fixed  stations  at  greate 
mountain  altitndes.  Thus  the  following  table  has  resulted.  Lik 
Strachey,  I  have  expressed  tbe  vapor-tension  at  a  given  altitude  in 
fraction  of  that  simnltaneonsly  observed  at  or  near  the  earth's  surfoc' 

Since  tbe  altitudes  for  which  observations  are  at  hand  seldom  agn 
frith  the  intervals  of  the  table,  therefore  the  required  quantities  for  tt 
nearest  tabnlar  interval  were  computed,  by  a  formula,  hereafter  f^vei 
from  the  observed  valaes. 
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The  following  are  the  observations  on  which  are  based  each  individual 
series  of  tbe  above  table. 

Himalaya. — (a)  Observations  by  Hooker :  (b)  by  Stracb^,  extracted 
irom  tbe  above-cited  memoir ;  (c)  annnal  means  of  observation  at  Maba- 
baleshwarand  Bombay;  atDarjeeliagandOoalpara;  at Dodabetta  and 
Madras. 

ArflMTtia.— Observations  by  Moritz  dniing  bis  asc^it  of  the  Greater 
Ararat  in  Angnst,  1S69,  published  in  Eapffet's  Corre^oneUmoe  Xitioro- 
logique,  ann4e  185S.    Moritz  took  hourly  observations  of  nearly  all  the 
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meteorological  elements  for  fonr  days  at  tbe  altitude  of  2,310  meters 
(Sardar-BoDtagh),  for  ten  days  at  3,316  meters,  and  throngb  nearly  five 
days  OD  the  snmmit  of  the  Greater  Ararat,  5,125  meters.  Duriog  the 
entire  time,  observations  were  regalarly  maintained  at  Erivan,  Alexan- 
dropol,  Tiflis,  Redoute  Kal^,  and  Lenkoran.  From  these  observatioDS, 
1  have  deduced  the  corresponding  averages. 

Teneriffe. — Observations  by  Fiazzi  Smyth  at  Villa  Orotava  (374  me- 
ters), Guajara  {2,715  meters),  and  Alta  Vista  (3,264  meters),  In  July, 
A.UKnst,  and  September,  1856,  aud  simultaneously  at  Santa  Cruz. 

TAeAfp«.— Observations  at  the  Tbeodnl  Pass,  August,  1866  and  1866, 
in  coDuectioQ  with  the  Swiss  system  of  observations;  also  the  obser- 
vatious  of  Eamtz  od  the  Bigi  and  the  Faulhom,  referred  to  :Ziiricb. 
(Kamtz  particularly  remarks,  iu  his  Vorlesungen,  that  in  tbe  dry  year 
3332  tbe  ratio  of  the  vapor-teosions  at  Fanlboru  and  Ziirich  was  0.43, 
almoet  exactly  the  same  as  the  ratio  0.46  for  tbe  damp,  cold  year  1833.) 
Balloon  Voyages. — (a)  Observations  by  Welsh,  computed  and  commu- 
nicated by  Straehey;  (6)  observations  by  Glaisher  during  five  trips  in 
sommer  time;  (c)  three  voyages  in  late  sammer  and  fall  of  1S63;  {d) 
three  voyages  in  the  winters  1864  and  186S.  On  the  ascension  of  1864, 
January  12,  the  temperature  and  humidity  at  first  increased  with  the 
elevation,  and  at  a  higher  altitude  first  began  to  regularly  diminish. 

After  a  ODDsideration  of  tbe  figures  in  tbe  above  table,  one  must  con- 
fess that  the  attem  pt  to  represent  these  by  any  formnla  is  quite  as  rea- 
sonable as  tbe  establishment  of  any  ratio  for  tbe  dimiuntion  of  temper- 
ature with  altitude.  The  agreement  between  observations  on  mountains 
and  iu  the  &ee  atmosphere  in  balloons  is  much  better  for  the  humidity 
thw  for  the  temperature.  Only  the  Himalaya  oliservations  show  for 
small  altitudes  a  materially  greater  quantity  of  vapor  on  the  moantains 
than  in  tbe  free  atmosphere ;  at  great  altitudes,  there  is  scarcely  any 
difference,  nad  tbe  vapor  atmosphere  of  tbe  earth  attained  to  a  con- 
dition of  equilibrium,  and  subject  to  its  own  pressure  only,  we  could  in 
a  simple  manner  compote  the  pressure  corresponding  to  a  given  altitude, 
since  for  every  such  gaseous  atmosphere  the  equation 


must  obtain.  Here  p  auApt  represent  tM^  pressnres  at  the  altitude  h 
and  at  the  earth's  surface,  measured  by  tbe  heightof  the  mercurial  column 
supported  by  these  pressures ;  e  is  the  base  of  the  natural  logarithms ;  0 
is  a  constant,  and  eqaal  to  tbe  product  of  ,0.760  into  tbe  ratio  between 
the  density  of  mercury  and  that  of  the  gas  under  a  normal  pressure  of 
0.T6  meter  at  a  temperature  of  0°  0.  and  with  tbe  intensity  of  gravity  as 
at  the  sea-level  at  45°  latitade.  This  constant  corresponds  to  the  alti- 
tode  of  a  column  of  gas  of  uniform  density  and  at  tbe  uniform  temper- 
ature of  0°  0.,  which  exerts  the  same  pressure  as  a  mercurial  column  of 
0.T6  altitude.  For  another  temperature  of  tbe  gaseous  column,  and  for 
another  value  of  tbe  force  of  gravity,  and  one  diminishing  with  the 
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attitude,  the  above  altitade  mnatbe  different;  f(t)  and  ^(fr)  indicate tbe 
correctional  factors.  Por  diy  air,  free  from  carbonic  acid  gas,  C  is  7,992 
meters,  and  since  the  density  of  aqueoas  vapor  may  be  aBsnmed  con- 
stant at  0.623  for  ordinary  atmoBpheric  temperatarea,  therefore  for  an 
atmosphere  of  aqaeous  vapor  0  =  12,829  meters.  We  therefore  have 
the  following  formala  for  tJie  computation  of  the  pressure  at  any  alti- 
tude vithin  an  atmosphere  of  aqaeons  vapor,  and  omitting  the  small 
corrections, 

nat  log  p  =  nat  log;.o  -  j^^ ; 
or,  mnltiplying  by  the  modnlus  of  the  Briggs  logarithms, 


logp  =  \Qgpo- 


h 
a»539 


This  formala  can  be  used  at  once  to  compare  the  observed  diminntion 
of  vapor-tensioD  with  that  which  must  obtain  in  an  independent  atmos- 
phere of  aQoeoas  vapor.  Up  to  an  altitude  of  20,000  English  feet,  or 
G,096  meters,  the  correction  ^{g)  can  be  neglected,  and  the  introduction 
of  f[t)  =  l+at  woold  have  the  effect  of  still  further  delaying  the  dimi- 
nution of  tension  np  to  about  12,000  feet. 

TIttorelieal  and  Obsen'ed  Diminutions  of  Fapor-ttnsion. 
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» 
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Whence  the  vapor-tension  actually  does  diminish  with  the  altitude 
much  more  rapidly  than  would  be  the  case  if  an  independent  gaseous 
atmosphere  existed. 

As  before  remarked,  Bessel  had  already,  through  a  roundaboat  and 
involved  compntation,  proven  that  the  slow  diminntion  of  vapor-tension 
with  the  altitude,  as  is  required  in  Dalton's  vapor  atmosphere,  can- 
not possibly  be  reconciled  with  the  known  diminution  of  temperature, 
for  aqueous  vapor  has  a  definite  maximum  of  elastic  force  for  each  tem- 
perature. Our  above-written  formula  mnst  therefore  also  satisfy  the 
conditions 

-ft  rwat 

p^jifl  10«'sa»  and  j>  equal  or  less  than  4.52i5  x  10^-«'-H'. 

The  last  member  on  the  tight  is  the  formula  given  by  Magnns  for  the 
maximum  tension  of  aqueous  vapor  for  a  given  temperature  t.  Hence 
follows 


logjJo  =  or  <  0.05602  -f 


7.4475  <K    ^     ft 
iaLcy  +  fo"*"  29539' 


oogic 
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For  an  average  temperatare  dimiDntion  of  0^.5  G.-for  each  100  meters, 
the  tueao  aonnal  temperature  will  be  —5°  Cat  an  altitude  of  3,000 
meters  above  Yieuna  (— 6<^.6  is  observed  at  tbe  Theodul  Faas,  altifinde 
3,330  metera).  If  we  substitate  these  values  for  h  and  i»,  we  find 
log  j)o  =  or  <  0.4S342  and  j>o  =  or  <  3.9  millimeters. 
Therefore,  even  were  the  air,  at  3,200  meters  altitnde,  saturated  with 
vapor,  the  vapor-tension  iu  Vienna  wonid,  at  the  highest,  be  only 
3.9™™;  in  fact,  however,  it  is  observed  to  be  6.9™™.  In  order  to  make 
this  tension  possible,  the  temperature  -at  3,000  meters  altitnde  must  be 
+  2°.4  C,  and  therefore,  the'  rate  of  decrease  of  temperatare  wonld 
amount  to  only  0<^.25  C.  for  each  100  meters. 

If  now  we  seek  to  represent  the  observed  diminution  of  vapor-tension 
by  means  of  an  empirical  foruiala,  we  can  either  choose  a  simple  expres- 
sion of  the  form 

or  examine  whether  the  observed  values  proceed  in  a  geometrical  pro- 
gression, in  which  case  the  value  of  0  is  to  be  determined,  which  must 
be  mnch  smaller  than  the  above  given  theoretical  value. 

I  first  deduced,  according  to  the  method  of  least  squares,  from  tbe 
mean  of  the  series  Himalaya  (a)  and  {b)  and  Balloon  Voyages  {a)  and  (&}, 
the  formnla 

p=pt  (l~0.078A  +  0.001C4/1'), 
where  h  is  given  in  units  of  1,000  English  feet  each.    If  we  use  also  the 
observation  of  Glaisher  that  for  h  =  28,000  feet  p  is  nearly  equal  to 
zero,  we  find 

p  =  j>o  (1  -  0.075  A  +  0.00146A'),  h  in  units  of  1,000  English  feet; 
or 

j)=j)(,  (1— 0.24C/i  +  0.01569A'),  7i  in  units  of  1,000  meters. 
These  formula  of  interpolation  represent,  with  almost  perfect  accu- 
racy, tbe  observations  on  which  they  are  based,  but  are  inapplicable  to 
altitudes  above  7,800  metera,sinceforhigheraltitudes  they  give increas- 
iug  valnes  of  p  (for  %=  26,000  feet,  the  second  formula  gives  j>  =0.04). 
But  this  does  not  prevent  their  application  to  all  cases  that  actually 
occur. 

In  order  to  express  the  definitive  mean  values  of  our  table,  the  quan- 
tities ^,  by  a  geometrical  progression,  I  have  pursued  the  following 

Pa 
method :  The  general  formula  is,  for  our  case,  converted  into 

A. 


'K> 


I  now  computed  the  valnes  of  C  for  14  of  the  intervals  of  tbe  table 

(excluding  the  last  [22],  because  for  this  tbe  Z  depends  upon  too  few 
P» 

nigiii.cd  by  Google 
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observations);  for  the  first  intervals,  from  1  to  8,000  feet,  I  Doited  each 
three  into  odc  mean  volne,  and  thus  obtained  tbe  following : 


AUitadM  In 

O  In  EnelUh 

AltitiKlegln 

"■■C" 

a.  000 

11 

lis 

Is 

The  redactioa  of  the  observe  values  of  the  rapor-tension  to  ttat 
nearest  intervals  occurritig  in  the  table  was  made  by  means  of  interpo 
lation  after  the  valaes  of  C  bad  been  compnted  &om  every  observation 
These  numbers  Bhow  an  increase  of  the  valne  of  C  with  the  altitude 
The  method  of  least  sqoares  now  gives  us  the  expression 
C  =  20251  +  0.11334  h  in  English  feet, 

C=   G172  + 0.11334  A  in  meters, 
where  h  is  to  be  expressed  in  units  of  either  English  feet  or  meten 
respectively.    The  mean  value  of  Oas  computed  by  this  formnla  Ie 
6,517  meters.    Since  small  changes  in  C  have  bat  slight  inflaeuce  npon 

thevalueof -^,  we  can  alao  try  tbe  eflFect  of  considering  0  as  a  constant 

J'o 
equal  to  6,517  meters. 

The  following  table  shows  that  in  fact  this  is  perfectly  allowable : 
Altitodes  (in  thoasanda  of  Engl  lata  fe«t) ...      1       4       8       12     16     30      24     S^ 

Observed^ 0.87    .64    .42    .27    .18    .13       —      — 

Compnted ii(Cincr«a8iDg) 0.88    .64    .42    .28    .19    .13     .09    .06 

Compnted p(Coonstant) 0.90    .65    .42    .37    .18    .12      .08    .05 

Whence  it  appears  that  the  oiserved  values  of  vapor-tmsion  at  different 
altit«dea  are  represented  with  almost  perfect  accuracy  by  the  formula 

—A  -A 

p=Po  lO^sn  =  j)(,  c  i^Jo 

We  mast  for  the  present  leave  nndecided  the  qnestioii  whether  the 
constant  6517  varies  with  the  temperature,  as  may  be  suspected  from 
the  slower  diminution  of  the  vapor-tension  among  the  Himalayas,  since 
the  observations  are  too  few  to  determine  such  a  coefQcient  with  any 
security. 

From  the  expression  just  deduced  empirically  for  the  diminution  of 
vapor-tension  with  altitude,  as  compared  with  the  formula  previoasly 
given,  which  would  obtain  for  an  independent  atmosphere  of  aqoeons 
vapor,  we  conclude  that  the  ratio  of  the  weight  of  the  aqueous  vapor 
actually  present  in  the  atmosphere,  as  compared  with  the  weight  result- 
ing from  the  Dalton  hypothesis,  is  as  the  ratio  of  the  values  of  C  in  both 
formulee,  or  as  2830  to  12829,  or  as  0.22  to  1.  Whence,  the  weight  of  Ike 
vapor  present  in  tkewhole  atmosphere  above  theplace  of  observation,  according 
to  Saltan's  hypothesis,  is  4.5  times  greater  than  it  is  in  realitg. 


:'Sle 
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One  can  persuade  himself  of  the  correctness  of  tbis  conclasion  by  the 
following  computation.  The  'weight  (in  kilograms)  of  the  aqueous  vapor 
havinj;  a  teueion  j)  (in  millimeters)  in  one  cubic  meter  is  found  by  the 
well-known  formula 

^      _„„„     8,        V       0^001058 

g  =  0.623 3^p^^  ^  =  i  +  at-P' 

wUeie  iSo  is  the  specitic  gravity  of  air  at  tempo^tnre  0°  C.  Hence  the 
weight  of  agneons  vapor  contained  in  a  stratum  of  air  of  differential 
thick neas  Sh  and  horizontal  area  unity  Is 

,        0.0010582       ,„^,. 

The  integration  of  this  eqaation  gives  a  formula  for  the  total  weight 
of  the  aqueous  v  apor  contained  in  the  atmosphere  op  to  any  definite 
height.  The  temperature  t  is,  strictly  speaking,  also  dependent  on  the 
altitude;  but  we  will,  in  accordance  with  all  experience,  put 

and  tbus  find 


2  r  Sn 


For  large  valoes  of  A,  therefore,  by  extending  the  integral  to  the 
limits  of  the  atmosphere,  the  negative  member  of  this  expression  dis- 
appears, and  it  is  now  qaite  clear  that  the  actnal  weight  of  the  aqaeous 
vapor  in  the  atmosphere  is  to  that  resulting  from  Dalton's  hypothesis 
as  2830  to  12S29,  or  as  0.22  to  1. 

For  example,  the  mean  vapor-tension  at  Vienna  in  Joly  is  11  milli- 
meters, the  temperature  20°.3  C;  at  the  altitude  of  8,000  meters,  the 
probable  temperatare  is  about  — 19°.7  C. ;  the  mean  temperature  of  the 
whole  atmosphere  of  aqueous  vapor  is  therefore  nearly  0°  O.  The 
formula  gives  the  total  weight  of  aqueous  vapor  =  33  kilograms,  corre- 
sponding to  a  pressure  of  y^^  ~  0.0032  atmosphere,  or  a  mercarial 
column  of  2.4  millimeters.  If,  therefore,  the  aqueous  vapor  contained 
in  July  in  the  atmosphere  above  Vienna  could  expand  according  to 
Dalton's  law,  the  vapor-tension  at  the  earth's  surfiice  would  sink  from 
11  millimeters  to  2.4  millimeters. 

[Note. — The  following  equation  resulting  by  integration  from  our 
previously  given  formula  of  interpolation : 

Q  =  ^^^s  ft  jJo  (1  -  0.123  A  +  0.00523  h\ 

where  the  unit  of  ft  is  a  thonsand  meters,  gives  Q  =  32.0  kilograms,  or 
2.3  millimeters  on  the  mercurial  barometer,  for  k  =  8,000  meters.] 
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The  formula  for  Q  further  teaches  as  that  one-half  of  the  whole  Qnati 
tity  of  aqneous  vapor  is  contained  in  the  strata  of  air  below  the  altitad- 
of  1,0G2  meters,  or  6,013  Paris  feet,  and  that  ooly  one-tenth  of  the  wbol 
aqueous  vapor  in  the  atmosphere  is  above  the  altitude  of  6,600  meters 
or  20,000  Paris  feet.  Strachey  is  therefore  right  in  saying  that  th 
mountain-ranges,  however,  alight  their  altitudes  are  in  respect  toth 
dimensions  of  the  whole  globe,  yet  must  be  of  great  influence  in  refei 
ence  to  the  aqueous  meteors.  A  mountain-chain  of  only  6,000  feet  alt~ 
tude  forms  a  dividing  barrier  for  one-half  of  the  vapor  in  the  atrnm- 
ptiere ;  the  Himalayas,  with  an  altitude  of  about  15,000  feet,  or  4,60 
meters,  cuts  off  eigbt-tentbs. 

In  conclusion,  I  would  expressly  remark  that  the  formula  deduced  fo 
the  diminution  of  vapor-tension  with  altitude  can  only  be  applied  wit' 
security  to  the  computation  of  mean  ratios.  It  can  also  be  practical!, 
applied  in  barometric  hypsometry,  since  all  the  more  recent  hypsometri 
tables  take  into  consideration  the  aqueous  vapor  of  the  air,  but  fn 
quently  the  vapor-tension  is  known  for  only  one  of  the  two  station 
whose  relative  altitude  is  to  be  determined.  The  following  exampl 
shows  that  for  this  purpose  the  accnracy  of  the  formula  is  quite  suffioieot. 
Bauerufeind  observed  the  psychrometer  twenty-one  times  daily  daring 
five  days  at  five  stations  on  the  Greater  Miesing,  whose  relative  alti- 
tudes were  determined  by  direct  leveling.  (See  Beob.  und  Un^ra.  Uber 
die  Oenauigkeit  barometrischer  ndhenmesBungen,  MUnchen,  1862,  p.  132.) 
The  following  small  table  contains  the  means  of  these  observations,  and 
beneath  them  are  given  the  values  compnted  by  oar  formula  for  tbe 
other  stations  from  the  observations  at  station  I : 

Stations I.       II.      III.     IV.       V. 

Altitude  in  meters 816    1086    1356    1610    1881 

J)  observed, Paris  lines..  5.16     4.30     i.02     3.79     3.54 
p  computed  from  I.. ....      —     4.69     4.26     3.88     3.64 

We  shall  be  perfectly  satisfied  with  the  agreement  between  observa- 
tion and  computation  if  we  reflect  that  Baurnfeind's  observations  were 
not  nsed  in  the  deductiou  of  our  formula,  because  they  appeared  to  as 
to  relate  to  far  too  slight  an  altitude. 

[Note. — The  mean  vapor-tension  in  Klagenfurt  is  7.1  millimeters. 
Hence,  for  the  station  Hoch-Obir,  lying  l,603metera  higher,  is  computed  a 
mean  vapor.tension  of  4.03  millimeters.  Prettner  (Elima  von  Kamtken, 
p.  163)  gives  for  Hoch-Obir  a  relative  humidity  of  82  per  cent,  and  a 
mean  temperature  of  0o.85  C,  according  to  psychrometer  observations, 
for  one  year,  1852.  To  these  figures  there  corresponds  a  vapor-tensioQ 
of  4.02  millimeters ;  therefore,  exactly  eqnal  to  the  computed  value.] 

Notwithstanding  the  agreement  between  observation  and  compatation 
io  these  and  other  cases,  no  deeper  theoretical  meaning  should  be  attrib- 
uted to  our  formula.  It  is  perhaps  only  a  more  exact  expression  for  the 
opinion  expressed  by  Strachey,  that  the  average  degree  of  satoration  of 
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tbe  air  remains  quite  QDifotm  ia  different  altitndes.  Therefore,  the 
vapor- tension  depends  only  on  the  dimination  of  temperatare.  If  this 
latter  proceeds  in  an  arithmetical  profession,  there  follows,  of  coarse, 
for  tbo  dimination  of  vapor-tension  a  geometric  progression.  Ooly  the 
(lemonatration  may  be  new,  that  we  can  also,  with  so  great  accuracy, 
from  observations  at  one  altitude,  compote  also  the  mean  vapor-tension 
at  another  altitude. 


B. 

OS  TBE  IKFLTJBNCB  OF  EAIN  UPON  THE  BAROMETER, 
AND  UPOS  THE  FORMATION  OF  PREOIPITATION  IN 
GENERAL. 

By  Dr.  J.  Hans. 

rrraualBted  by  ClSTnlaiid  Abbe  from  (be  Joimial  of  tbe  Anatimo  Msleonilozlcal  AeeoclulioB,  18! 4,  pp. 
iSD  tl  leq.i 

A  more  accurate  liDowledge  of  the  ioflaeuce  which  the  condensation 
of  the  aqneons  vapor  in  the  atmosphere  exerts  upon  the  disturbances 
of  its  eqailibrinm  and  upon  the  changes  of  atmospheric  pressure  is  at 
present  of  special  importance,  since,  in  the  theory  of  storms,  we  have 
to  a  certain  degree  returned  to  the  views  of  Espy.*  This  may  be  our 
excuse  that  we  once  more  return  to  this  subject  after  having,  in  a  pre- 
vious volume  of  our  periodical,^  given  place  to  a  discussion  upon  this 
subject.  At  that  time  I  had  to  refer  to  the  contradiction  that  appeared 
to  exist  between  tbe  theory  and  the  computations  of  Espy,  Kronig,  and 
Keye  and  the  observed  facts.  According  to  Espy  and  Eeye,  the  con- 
densation of  vapor  into  cloud  and  rain  produces  a  considerable  fall  in 
pressure  under  the  place  where  the  rain  falls.  But  every  careful  ob- 
server knows,  on  the  other  hand,  that  the  tendency  of  rainfall  appears  to 
be  rather  to  increase  the  pressure.  The  barometer  rises  dnring  the  rain, 
and  after  the  rain  stands  higher  than  before.  If  the  rain  bad  the  effect 
computed  by  Beye,  to  diminish  tbe  pressure,  or  even  a  much  less  effect, 
then  would  the  reverse  take  place.  It,  indeed,  rains  generally  during 
low  pressures ;  but  the  lowest  barometer  precedes  the  rain; — if  it  were 
a  conseqneuoe  of  the  rain,  it  would  occur  dnriDg  or  after  the  rainfall. 
ICeye  has  had  the  kindness  to  go  into  tbe  discussion  of  this  point,  and 
thereby  bos  in  great  part  removed  the  apparent  contradiction  between 
computation  and  observation.^  He  allows  that,  in  the  case  where  the 
precipitation  is  produced  by  tbe  inflow  of  colder  air  or  by  radiation  or 
conduction  of  heat,  and  where  the  latent  heat  of  condensation  is  thns 
nentralized,  the  pressure  can  rise  during  the  rain;  that  equally,  in  the 
case  where  new  masses  of  air  steadily  flow  toward  tbe  place  of  precipi- 
tation (the  rainfalls  of  a  moist  current  of  air  blowing  over  a  monntain), 
the  formation  of  a  barometric  minimum  will  be  hindered.  But  if  we 
now  consider  the  remaining  causes  of  the  formation  of  precipitation,  we 
25  S 
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find  all  are  inclnded  in  the  preceding  except  the  one  case  of  a  cnrr 
freely  rising  in  a  gniet  atmosphere,  and  which,  cooling  hy  expaos: 
precipitates  its  aqneons  vapor.  To  this  class  especially  belong  m 
of  oar  sammer  rains,  bat  especially  the  tropical  rains. 

But  even  onr  summer  rains  also  behave,  with  respect  to  atmosph 
pressure,  precisely  as  we  have  above  described ;  and  with  respect 
the  tropical  rains,  we  road  in  general  that  they  exert  scarcely  any  it 
ence  upon  the  barometer,  not  even  distarbing  the  regular  diurnal  0 
latioD.  But  upon  this  point  only  a  compntation  of  the  observat 
which  are  the  namerical  presentation  of  the  inflaence  of  laio  upon 
barometer  can  decide.  Observations  in  our  climate  are  not  convei 
to  such  a  compntation,  since  we  cannot  properly  eliminate  the  pre 
tation  due  to  the  inflow  of  cold  currents.  Hence,  I  have  chosen  Batr 
a  place  in  the  tropics  near  the  equator,  for  which  I  have  before  mt 
three  years  of  hourly  observations  of  pressure  and  of  rain&ill  pobli 
by  Bergsma.* 

Before  I  proceed  to  communicate  the  results  of  my  compatatic 
must  state  that  I  cannot  participate  in  the  view  expressed  by 
(vol.  8,  p,  180),  who  there  says:  "It  can,  indeed,  occar  that  npon 
mountain-tops,  where  the  vapor  condenses  to  clouds,  the  pressore  may 
also  diminish ;  bat,  for  all  that,  the  barometer  need  nob  fall  at  the 
place,  80  miles  away,  where  the  cloads  discharge  their  rain,"  The 
clouds  are  not  to  be  considered  as  magazines,  in  which  the  previonsly 
formed  rain  is  carried  along  to  be  discharged  anywhere.  There  where 
it  rains  is  the  location  of  an  increased  precipitation,  and  the  pressnre 
must  sink  deeper  there  than  where  clouds  only  form  withoat  developing 
into  rain. 

The  hourly  observations  at  Batavia  show  at  once,  even  by  a  coraory 
review,  that  in  fact,  as  was  expected,  even  tho  heaviest  rains  scarcely 
disturbed  the  diurnal  change  in  pressnre,  and  this  stands  forth,  with 
greatest  clearness  in  the  averages.  '  I  took  for  computing  the  corre- 
sponding pressures  only  the  rainfalls  which  gave  at  least  10  millimeters 
in  an  hour.  The  pressures  for  one  and  two  hours  preceding  and  follow- 
ing the  rainfall  (often  of  many  hours'  duration),  as  well  as  the  pressures 
daring  the  first,  second,  and  third  hours  of  rain,  were  extracted,  were 
separately  reduced  to  the  daily  means  by  means  of  the  mean  diarnal 
variation,  and  then  united  Id  a  general  average.  I  thus  obtained  the 
following  numbers,  to  which  I  have  also  added  the  mean  rainfall  for 
each  hour,  so  that  one  can  perceive  how  intense  these  rains  are.  For 
comparison,  I  add  that  in  Yienna,  on  the  average,  an  entire  rainy  day 
in  sammer  affords  6.0  millimeters  of  water,  but  In  winter  2.7.  The 
mean  of  six  of  the  heaviest  rains  during  one  hour  trout  1853  to  1871  is 
20.5  millimeters. 
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Influence  of  Rain  on  Preisure  in  Batania. 
L-BAINS  S'STWSES  S  A.  M.  AND  9  F.  U.  * 
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Here  also,  daring  the  raiDfall,  the  pressnre  rises,  and  after  the  raiu 
stands  higher  than  before.  If  we  start  with  the  pressare  before  the 
beginning  of  the  rain,  and  compute  the  hourly  changes,  we  obtain  the 
following  variations  of  pressure : 
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The  presanre  rises  at  the  beginning  and  daring  the  first  honre  of  the 
rainfall  by  about  OJd;  it  falls  within  the  two  hoars  following  the  rain 
by  0.10,  and  thereforu  after  the  rain  it  always  stands  0,25  higher  than 
be&te.  The  changes  at  night-time  are  somewhat  smaller  than  daring 
the  day-time.  I  have  also  combined  in  one  ayerage  thirteen  cases  of 
the  heaviest  rains  (orer  20  millimeters  an  hoar) ;  they  give  the  following 
chaagea: 
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The  barometer  stands  0.22  higher  after  the  rain  than  before  it. 
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It'  we  compare  the  mean  pressare  before,  daring,  and  after  the  raia 
vitb  the  aonual  mean  pressare,  we  obtain  the  deviations : 
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Since  the  mean  daily  range  of  the  barometer  ia  Batavia  amoaute  to 
2,7  millimetera,  it  follows  that  the  influence  of  the  rain  is  iosigDiflcant 
in  comparison  therewith,  and  we  have  a  plain  confirmation  of  tbe  BtatA- 
ment  that  in  the  tropics  the  rain  does  not  distarb  tbe  diacnal  oscillatJoii 
of  the  barometer. 

I  make  the  following  extract  from  a  letter  of  Blaoford,  to  whom  I 
commanicated  the  resalt  of  my  compatation  of  the  Batavia  observations 
with  the  inquiry  as  to  whether  he  could  perhaps  refer  to  opposing  obser- 
vations in  India:  "The  result  yoa  have  obtained  from  the  Batavia  obser- 
vations, viz,  that  tbe  barometer  is  lower  before  rain  than  during  or  after 
it,  is  completely  in  accordance  with  my  own  observations  at  Calcntta." 

I  consider  tbe  slight  increase  of  pressare  here  demonstrated  daring 
and  after  tbe  rain  not  as  a  primary  effect  of  condensation  of  vapor, 
which  therefore  wonld  be  operating  in  a  contrary  direction  to  thataa- 
samed  by  Espy  and  Beye,  bat  only  as  a  secondary  effect  dae  to  tbe 
cooling  of  tbe  lower  strata  by  the  rain-drops  descending  from  higher, 
colder  strata  and  by  evaporation.  Perhaps,  also,  the  impact  of  the  fell- 
ing water  and  the  air  dragged  down  with  it  contribntes  somewhat  t» 
the  initial  rapid  rise  of  pressure,  bat  a  reason  to  be  given  later  can  also 
eaase  the  barotnetei  to  rise  somewhat  before  the  rain. 

We  believe  oarselves  now  to  be  justified  in  tbe  conclnsion  that  the  con- 
densatioD  of  aqaeons  vapor  in  the  atmosphere  has  no  appreciable  infiu- 
ence  on  the  change  of  atmospheric  pressure.  The  low  barometers  of  the 
storm  centers  can  therefore  not  be  explained  by  tbe  preeipltations, 
although  these  latter  may  probably  be  an  occasion  for  t^eir  develop- 
ment, to  which  point  we  will  subsequently  retam. 

We  will  next  consider  the  solution  of  the  contradiction  that  exists 
between  the  theory  which  assamea  a  considerable  fall  of  pressare  ander 
a  precipitation  and  the  above-given  reaalts  of  observation,  which  re- 
veal nothing  of  the  kind. 

The  contpntatiou  of  Reye  on  the  magnitade  of  the  influence  on  the 
pressare  of  the  condensation  of  a  given  qnantity  of  atmospheric  aqaeons 
vapor  is  based  apon  the  following  train  of  thought :  If  the  vapor  in  s 
mass  of  moist  air  is  condensed,  the  expansive  force  of  the  air,  and  there- 
with its  volume,  is  at  first  diminished,  bat  the  air  is  at  once  so  strongly 
warmed,  and  thoa  again  expanded,  by  the  liberated  latent  heat  of  tbe 
condensed  vapor,  that  tbe  original  contraction  is  many  times  exceeded. 
Beye  compotes  that  the  expansion  at  30^  C.  is  somewbat  more  than  five 
times  the  initial  contraction;  at  —  lOo  C.  it  is  somewhat  more  than  sis 
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times  as  great.  Imagine  a  vertical  column  of  one  square  meter  section 
isolated  from  tbe  atmosphere,  and  assume  that  a  kilogram  of  water 
falls  therein  as  rain,  so  that  the  rainfall  is  1  millimeter.  The  air  there- 
upon expands  considerably,  and  at  a  temperature  of  10°  G.  at  tbe  place 
of  condensation  7,3  kilograms  of  air,  on  account  of  this  expansion,  either 
lire  pressed  to  one  side  or  are  pressed  npward,  where  they  can  flow  to 
one  side.  The  weight  of  the  colnmn  of  air,  whicb  on  the  average 
amonnts  to  10,33C  Uilograras,  or  one  atmosphere,  has  therefore 
_  diminished  by  8,3  kilograms,  including  the  condensed  aqaeons  vapor. 
Tbe  average  barometric  pressure  must  therefore  hare  diminished  by 
8.3  -i- 10336  X  760  =  0.61"™ ;  therefore  |  of  the  depth  of  rainfall.  This 
makes  the  fall  in  the  barometer  abont  7  lines,  or  nearly  16  millimeters, 
for  an  inch  of  rain.  Of  coarse  this  compntation  gives  only  the  maxi- 
mum change  in  tbe  barometer,  which  in  reality  is  by  far  not  attained, 
for  the  ontpressed  air  cannot  immediately  flow  away,  and,  moreover,  is 
at  the  earth's  surface  in  great  part  replaced  by  colder  air  flowing  from 
either  side  ("Die  Witbelstiirme,"  page  215,  and  Pogg,  Ann.,  1866,  vol. 
exxv),  Kronig  has  in  a  similar  way  endeavored  to  prove,  in  opposition 
to  Mohr,  that  the  expansion  overbalances  the  contraction  (Pogg.  Ann,, 
186i,  cxsiii). 

By  both  physicists  the  computation  is  conducted  under  conditions 
that  do  not  occur  in  nature.  Vapor  condenses,  not  spontaneously,  but 
only  when  the  air  is  cooled ;  and  this  cooling  mnst  be  greater  than  the 
liberated  latent  heat,  or  else  it  certainly  cannot  cause  any  precipitation. 
There  remains,  therefore,  no  surplus  heat  that  can  expand  the  air  to 
more  than  its  previous  volume.  The  latent  heat  of  the  vapor  has  simply 
the  effect  of  diminishing  the  cooling ;  that  is  to  say,  it  replaces  a  por- 
tion of  the  hoat  that  is  lost.  But  a  cooling  mast  take  place,  and  there- 
fore, if  we,  in  the  above-imagined  column  of  air,  would  bring  a  kilo- 
gram of  vapor  to  condensation,  we  must  take  away  the  whole  of  its 
latent  heat,  and  also  deprive  the  air  of  so  much  heat  as  corresponds  to 
the  contemplated  reduction  of  tho  vapor-tension.  The  mass  of  air  will 
therefore  contract ;  consequently  new  air  will  flow  in  from  above  or  from 
tbe  sides,  and  the  barometer  at  the  base  of  the  column  of  air  must  rise. 
This  is  the  process  which  takes  place  in  nature  during  the  precipitations 
tbat  occur  by  reason  of  the  inflow  of  a  colder  current  of  air,  or  by  reason 
of  cooling  in  consequence  of  radiation  and  condnctiou. 

In  the  precipitations  of  ascending  cnrrents,  heat  is  consumed  in  tbe 
expansion  of  tbe  air,  and  any  accompanying  condensation  of  vapor  and 
liberation  of  latent  heat  has  the  effect  of  diminishing  the  cooling  of  the 
air. 

When  we  overlook  this  circumstance,  we  come,  as  Wettsteiu  did,  to 
the  question.  Whence  comes  the  heat  rendered  latent  by  the  condensa- 
tion of  vaporl  and  to  tbe  opinion  that  a  heavy  precipitation  is  impos- 
sible in  the  atmosphere  if  this  heat  is  not  immediately  converted  into 
electricity^  {Die   lieaiehKUff  der  Elcktrieitiit  zum  Gewitter,  Yierteljabra- 
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8okri/t  der  natutfortoketid^n  QeseHlschaft  in  Zurich,  11.  Jahrg.,  1869). 
"  Tbe  thauder-storm  begins  vith  a  precipitation  of  vapor  in  con- 
scqaence  of  the  cooliDg:  of  the  air;  tliis  precipitation  is,  hovdver,  ac- 
companied by  a  development  of  beat,  and  this  beat  developed  by  tbe 
condensation  of  vapor  constitntes  tbe  cbief  difficulty  in  tbe  explanation 
of  tbunder-storms.''  Wettstein  now  computes  for  a  fev  cases  tbe  quan- 
tity of  heat  set  free  by  the  condensation  of  vapor,  and  investigates 
whether  the  cooling  processes  that  occnr  in  natnre  sntBoe  to  remove 
this  quantity  of  beat  and  to  render  possible  the  condensation  of  vapor. 
We  vilt  delay  somewhat  over  this  chapter  of  the  interesting  work  of 
Wettstein,  because  the  citation  of  his  computations  and  the  proof  of 
tbe  errors  that  have  slipped  in  will  best  lead  to  tbe  recognition  of  tbe 
important  part  that  tbe  ascending  movement  of  the  air  mnst  play  in  all 
heavier  processes  of  precipitation. 

Wettstein  first  considers  the  cooling  of  ascending  moist  air.  He 
compotes  the  diminution  of  temperatnre  according  to  a  well-known 
formala  of  the  mechanical  theory  of  heat  for  the  case  where  no  conden- 
sation takes  place.  For  an  ascent  of  1,000  meters,  there  results  a  cool- 
ing of  lOO  C. ;  for  2,000  meters,  20° ;  for  3,000  meters  2»o ;  for  4,000 
meters,  38° ;  for  6,000  meters,  iT^.  If,  now,  the  air  was  originally  25° 
G.  warm,  and  saturated  with  vapor,  then,  by  its  ascent,  vapor  will  be 
condensed;  as,  for  instance,  for  1,000  meters  ascent,  22.83  —  12.74  = 
10.Ud  grams  per  cubic  meter ;  tbe  latent  heat  thereby  liberated  is  10.00  x 
0.590  =  G.dS  units  of  heat,  which  safBces  to  raise  the  temperature  of 
tbe  air  and  the  condensed  water  by  more  than  18o.5  0.  Since  the  cool- 
ing dne  to  expansion  amoants  to  only  10<>  C,  therefore  Wettstein  con- 
cludes that  precipitation  is  impossible.  In  a  similar  manner,  be  finds 
for  an  ascent  of  2,000  meters  an  excess  of  nearly  10°  G.  of  warmth,  for 
3,000  meters  nearly  6  0.,  and  for  4,000  meters,  O0.7  C. 

For  a  current  of  air  rising  up  to  6,000  meters,  the  cooling  is  47°.2,  and 
tbe  warming 41°.4;  thereforetheresultantcooling6<3.8;  from  these  flgares, 
it  follows,  says  Wettstein,  that  tbe  lowering  of  the  temperatore  of  th« 
air,  in  conseqaence  of  its  expansion,  will,  ap  to  heights  of  more  than 
4,000  meters,  he  nentralized  by  the  beating  due  to  the  condensation  of 
vapor,  and  that  tbe  ascent  of  warm  moist  air  can  be  accompanied  by 
precipitation,  first  at  very  great  altitudes,  between  4,000  meters  and  5,000 
meters. 

The  vicious  reasoning  here  presented  consists  in  this,  that  an  amoant 
of  precipitation  is  introduced  in  the  compulation  that  cannot  possibly 
occur  in  nature.  The  air,  by  an  ascent  of  1,000  meters,  will,  indeed,  in 
couseqneuce  of  vapor,  cool  by  less  than  10°  C.,  but  cool  it  will  somewhat, 
and  consequently  some  precipitation  mast  occur.  We  shall  subsequently 
see  that  in  the  supposed  case,  air  saturated  at  26°  C,  the  cooling  amounts 
to  0O.4  for  each  hundred  meters  of  ascent,  and  therefore  for  n  thoosand 
meters  amounts  to  i°.  This  would  give  for  each  cubic  meter  a  precipi- 
tation of  4.60  grams.    If  the  ascending  current  has  the  very  moderate 
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velcHiitf  of  2  meters  per  secoud,  tbe  precipitation  on  a  base  of  one  square 
meter  in  one  hoar  would  amount  to  33.6  kilograms,  corresponding  to  a 
depth  of  rainfall  of  33,G  millimeters.  This,  therefore,  wonld  give  a  rain- 
fall of  greater  intensity  than  bas  ever  yet  been  observed  at  Vienna.  It 
is,  therefore,  certainly  not  necessary  to  take  refuge  in  the  assumption  of 
a  conversion  of  beat  into  electricity  in  order  to  explain  the  heaviest  ruins 
of  thauder-storms  by  the  ascending  cnrreuts  of  moist  air. 

Wettstein  thea  cousiders  the  mixing  of  warm  and  colder  air.  He  as- 
sumes that  a  cubic  meter  of  air  saturated  at  25°  is  mixed  with  a  cubic 
meter  of  air  also  saturated  at  0°;  there  result  2  cubic  meters  having, 
if  we  at  first  neglect  the  latent  heat  of  condensation,  a  mean  tempera- 
ture of  120.5.  These  two  cubic  meters  contain  22.83  +  4.87  =  27.70 
grams  of  aqueous  vapor';  but  at  12°.5  C.  only  21.92  grams  can  be 
cootained'os  vapor  in  2  cubic  meters,  therefore  5.78  grams  will  be  con- 
densed. This  condensation  liberates  a  quantity  of  beat  which  is  safS- 
cieut  to  warm  the  air  by  5^.6,  so  that  its  temperature  rises  to  IS'^.l. 

At  this  temperature,  however,  2  cubic  meters  of  air  can  contain 
30.68  grams  of  vapor,  or  more  than  is  contained  in  tbe  two  masses  of 
air  together.  It  foUow^s,  thence,  that  precipitation  can  also  not  be  pro- 
duced by  mixture. 

Here  again  we  have  to  do  with  the  same  vicious  reasoning  as  in  tbe 
precediog  case.*  In  consequence  of  the  warming  of  the  air  due  to 
tbe  condensation  of  vapor,  5.7S  grams  of  the  latter  will  not  be  con- 
densed, bat  less.  By  trial  we  easily  find  that  the  mixing  'will  btiug 
aboutatemperatureof  somewhat  less  than  liP.90.;  2.44  grams  of  vapor 
will  condense,  whose  latent  heat  suffices  to  raise  the  temperature  of  the 
air  by  not  quite  2°.4  C.  above  that  which  would  have  been  given  by  a 
mixture  of  dry  air.  The  case  bore  assumed  of  the  combination  of  masses 
of  air  saturated  at  25°  and  at  0°  certainly  occurs  very  seldom  in  nature; 
even  differences  of  10°  in  the  temperatures  of  currents  of  air  are  not 
frequent.  We  assume,  however,  now  the  very  favorable  case  of  a  mix- 
tare  of  a  saturated  stratn  m  of  air  1,000  meters  deep  with  a  saturated  current 
15°  colder  throughout  its  entire  extent.  In  its  lower  poitions,  the  warm 
air  bas  a  temperature  of  25°,  its  upper  portion  20° ;  consequently  the 
cold  current  has,  respectively,  10°  and  5°,  Since  each  cubic  meter  of 
warm  and  of  cold  air  mutually  interpenetrate  each  other,  there  will  be 
condensed  from  every  pair  of  cubic  meters  in  tbe  lowest  strata  about 
1.0,  but  in  tbe  highest  strata  0.8;  on  the  average,  therefore  0.9  gram 
of  vapor.  This  gives  for  the  entire  depth  of  the  stratum  of  air  0.45 
kilogram  of  water  per  square  meter,  therefore  a  depth  of  rainfall  of  0.45 
millimeter.  The  mixed  stratum  has  now  attained  a  mean  temperature 
of  about  16°,  but  since  the  cold  current  continually  supplies  new  masses 
of  air  averagiog  7° .5  C,  the  precipitation  continues  with  diminish- 
ing intensity  until  the  temperature  has  suuk  to  10°  at  the  bottom,  but 
at  the  top  to  5°.  The  maximum  quantity  of  water  that  can  altogether  fall 
for  a  cooling  of  7°.5  would  be  about  11.9  kilograms  per  square  meter, 
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or  a  raiDfall  of  ll.d  millimeters;  bnt  since  at  least  4.05  kilograms 
of  air  at  10  G.  must  be  mixed  with  eacb  kilogram  at  25°  in  order  to  lower 
tbe  temperature  to  nearly  10°,  and  to  absorb  the  latent  beat  of  the 
13.47  grams  of  vapor  tfaat  will  thereby  be  condensed,  therefore  it  is  im- 
probable tbnt  this  maximum  will  ever  be  attained.  This  quantity  of 
water  will  [most  probably]  be  distributed  over  a  large  extent  of  surface. 

By  tbe  flowing  of  warm  and  cold  currents  over  each  other,  notwith- 
standing the  slight  depth  of  the  stratnm  in  which  the  mixture  of  the 
.  air  and  condensation  take  place,  there  can  fall,  in  tbe  course  of  time,  a 
considerable  amonnt  of  water  upon  a  unit  of  surface,  bat  the  density 
of  the  precipitation  in  this  case  will  be  less  than  in  tbe  foregoing. 

From  this  exposition  it  appears  to  me  to  follow  that  the  mixture  of 
masses  of  moist  air  of  different  temperatures  cannot  produce  any  very 
intense  or  heavy  precipitation,  and  that  the  ordinary  presentation  of 
HutCon's  rain  theory  leads  to  an  overestimate  of  the  quantity  of  pre- 
cipitation due  to  this  source.  Tbe  freqnent  occurrence  of  heavy  precip- 
itation on  the  occasions  of  inflow  of  colder  currents  of  air  we  explain  to 
ourselves  by  the  co-operation  of  an  ascending  current  in  connection 
therewith. 

The  cooling  of  the  air  at  the  earth's  surface  [itself  cooled  by  radia- 
tion] can  cause  only  local  precipitation  confined  to  a  thin  stratnm  of 
air.  In  this  manner  originates  the  ground  fog,  which  is  with  as  most 
frequent  in  the  early  spring,  and  also  the  ground  fog  of  the  Polar  Be- 
gions,  often  extraordinarily  dense,  but  reaching  only  to  a  sli^t  altitude, 
of  which  Middendorf,  in  bis  volume  of  journeys  in  Siberia,  has  given 
graphic  descriptions.  The  radiation  of  heat  from  the  moist  air  itself, 
even  if  we,  with  Tyndall,  ascribe  to  it  a  great  power  of  radiation,  can 
certainly  only  produce  a  relatively  thin  covering  of  clouds,  whose  for- 
mation must  in  great  part  or  entirely  hinder  a  further  loss  of  heat  from 
the  lower  strata. 

The  ascending  movement  of  moist  air  most  therefore  be  considered 
as  the  most  fruitful  source  of  preoipitatioD,  a  result  which  was  long  since 
ascertained  by  observations,  but  is  in  tbe  preceding  now  also  deductively 
established.  We  will  in  our  next  article  turn  to  the  consideration  of  tbe 
causes  of  the  ascending  movement  of  the  air,  concerning  which  sabject 
in  recent  times  exhaustive  works  have  been  published,  which  have  not 
jct  received  corresponding  notice  in  this  journal. 


NOTES. 

No.  1.  Zeitschrift,  vol.  ix,  page  Mi. 

No.  2.  Zeitachritt,  vol.  viii,  pages  102  and  177. 

No.  3.  ZeitscbrifC,  vol.  viii,  page  177. 

No.  4.  We  take  this  occasion  to  etupbaaize  tbe  importance  of  the  publication  of 
hourly  observationa  of  &11  tbe  meteorological  elements  for  at  least  one  normal  atation 
in  each  coantry  of  average  magnitnde.    Tbat  which  at  the  present  seems  anperflaons 
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will  certainly  in  the  fatare  he  felt  as  a  diBastroaa  Degleot.wliicb  id  most  cases  cbd  never 
be  made  np. 

No.  5,  This  limitation  was  selected  with  reference  to  the  diurnal  taruiDg-poiDts  of 
barometric  preasnre;  it  also  aRrees  well  with  Ibe  time  daring  which  the  ascending  cnr- 
rent  of  air  is  ac'.ive.  Cast;s  of  rain  continning  more  than  three  hours  are  so  rare  that 
no  averages  are  to  be  taken. 

No.  6.  Properly  this  is  the  hour  between  which  and  the  following  that  raJntall  is 
meaanred  which  has  been  entered  nnder  the  first  hoar  of  nun- 
No.  7.  Even  J.  Miiller,  in  Lis  Cosmical  Physics,  has  taken  no  notice  of  the  necessary 
cooling,  and,  moreover,  has  introduced  into  the  compatation  the  latent  heat  of  a  kilo- 
gram instead  of  a  gram  of  vapor  (3d  ed.,  page  6T8). 

No.  8.  Wettatein  has  nsed  somewhat  different  numbers  for  the  maximnm  weight  of 
aqneons  vapor  in  a  cubic  meter  of  eatnratedair.  I  know  not  whence  they  come;  they 
are  neither  the  ordinary  unmhen  nor  those  given  in  Zeoner's  GmndzUge,  table  I,  page 
8,  For  the  Bake  of  uniformity  with  subsequent  computations,  I  have  thronghout  sub- 
stituted the  values  given  by  the  ordinary  formula 

No.  9.  Espy,  also,  in  his  Philosophy  of  StomiB,  guided  by  similar  computations, 
has,  like  Wettstein,  i^ected  Hntton's  theory  of  rain. 


Id  reply  to  some  remarks  by  Captain  Hoffinejer,  Dr.  Haoo  pabllshes 
the  following  additional  note : 

ATMOSPHERIC  PRESSURE  AND  RAINFALL. 

in  Uateoraloglcal  Auodation^  x,  p.  11, 

Captaio  Hoffmeyer  criticiaea  a  partially  ODJnstifiable  generalization 
from  the  result  of  observations,  which  in  strictaeBS  only  holds  good  for 
localities  on  the  north  side  of  the  Alps.  To  this  note,  Captain  Hoff- 
meyer adds  a  serieeof  remarks  and  conclasions  that  are  the  more  valna- 
ble  in  the  theory  of  storms,  inasmach  as  they  rest  npon  the  unprejndiced 
daily  stndy  of  facts,  which  at  present  are  scarcely  fonnd  collected  to- 
gether and  collated  at  any  other  place  in  such  abundance  as  at  the 
Meteorological  Institute  in  Copenhagen. 

I  can  almost  perfectly  accede  to  the  views  of  Captaio  Hoffmeyer,  and 
this  will  be  evident  to  every  reader  of  my  essay  published  in  vol.  ix  of 
this  joarnal ;  but  my  objection  to  the  theory  of  Espy  and  Reye,  that  the 
ascending  current  of  air  is  the  only  or  the  chief  caase  of  the  barometric 
miDimum  at  the  storm  center,  seems  to  me  not  thereby  disturbed.  Ac- 
cording to  my  way  of  thinking,  the  position  of  the  question  is  at  present 
as  follows:  Observations  show  that  the  heaviest  rains  in  the  tropics 
have  so  slight  an  iuflneuce  on  the  atmospheric  pressure  that  they  are 
unable  in  the  least  to  disturb  the  regular  diurnal  variation  of  pressiire. 
Now,  It  seems  to  me  illogical  to  assume  that  the  same  cause  can  under 
quite  analogous  conditions  be  accompanied  by  opposite  consequences. 
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The  objection  that  the  tropical  rains  {and  the  samm^  raina)  are  of 
maoh  more  local  natare  than  the  winter  ntina  of  temperate  and  arctic 
latitndes  I  can  only  designate  aa  a  raake-shift,  tbr  the  great  inteneity  of 
the  tropical  {and  anmmer)  rains  mnat  make  np  for  their  slight  extent 
at  leaat  ao  far  that  a  tendency  to  a  fall  of  the  barometer  mast  be  evi- 
dent In  the  observations.  The  demonatration  that  the  tropical  rains 
always  have  a  leas  extent  than  the  precipitations  accompanying  the 
storma  of  higher  latitndea  mnat  at  any  rate  be  firat  produced,*  and  after 
that  the  proof  will  still  have  to  be  given  ahowiug  why  the  heat  liberated 
by  the  ten  and  twenty  times  heavier  eqnatorial  rains  cannot  canae  an 
ascending  carrent  intense  enoagh  to  canae  a  depression  of  even  2  or  3 
millimetera  in  the  barometer  at  the  earth'd  snrface,  while  onr  winter 
rains  are  accompanied  by  depressions  of  30  or  40  millimeters. 

We  have,oa  the  other  hand,iioobaervationa  that  woald,  beyond  donbt, 
prove  that  the  formation  of  cloads  and  raiu  is  alone  able  to  sensibly 


■  I  am  peranaded  that  in  many  tropical  coaotiies,  especially  in  the  equatorial  zone 
itself,  daring  the  rainy  period,  precipitation  occQra  simultaneous]]' over  a  re(;ion  whicli 
is  at  beat  aa  large  u  that  which  conesponda  to  the  last  half  of  our  own  revolvlDg 
atonns.  It  La  a  rather  widespread  error  that  the  raiofall  in  the  tropics  alwaye  oconrs 
in  the  form  of  local  tbnnder-stornjs.  There  occur  eqnally  uniform  and  constant  raine 
there,  as  is  the  case  with  onr  own  general  rains.  On  this  point,  I  refer  only  to  tb« 
Seporta  of  Frantzinson  the  Atlantic  Coast  of  Central  America  ("ZeitschriftfUr  Erd- 
knnde,"  1866),  of  Humboldt  and  of  Bates  ("  Der  Natnrforscber  am  Amazon  oust  rom  ") 
OD  the  region  of  the  Amazon ;  e.  g..  Bates  says :  "  From  the  14th  to  18tb  January  the 
'westber  was  bad ;  it  rained  sometimea  twelve  boars  in  sncoesalon,  not  heavy,  indeed, 
but  steadily  drizzting,  aa  in  England."  As  soon  as  we  approach  the  equator  within  3°  of 
latitnde,  we  seldom  find  opportiuity  to  observe  snn  and  stan.  Tlie  mia^onary  in  Saa 
Antonio  de  Javita  asaores  as,  eaya  Hamboldt,  tbat  he  has  often  aeen  it  rain  hate  fonr 
or  five  months  wltbont  ceaaation.  Theae  are  certainly  no  local  rains,  foT  these  remarka 
refer  to  the  nniform  lowland  of  the  Middle  Amazon  and  to  the  Bio  Negro.  Even  in 
Vienna  it  ia  eeldoia  tbat  rains  oontlnae  twenty-foar  hoais  or  more.  Aooording  to  the 
Sveyearaof  registers  of  a rain-antograph,  thereoocnio&tbe  average  in  a  year  only  4.3 
prooipitationa  tbat  last  over  twenty-four  hours.  (See  Hann,  Met.  Windroaen  lUr 
Wion,  Sitzb.  K.  Atad.,  18CT.) 

By  reason  of  the  great  attention  that  travelers  have  given  to  tbe  reirular  doily  cbanges 
of  the  barometer,  it  would  be  highly  remarkable  if  any  connection  between  the  raiu 
and  the  barometric  depteaaion  had  eacaped  them  in  a  climate  where  there  are  no  irreg~ 
oJar  changes  of  prasanra  in  conaeqnence  of  changes  of  wind-direction.  And  yet  one 
finds  DO  Do'.e  us  to  the  presence  of  any  snch  relation  between  rain  and  presanre — the 
temarks  express  tbemselvea  directly  against  sncb  connection.  I  will  here  quote  only 
one  passage  from  Herschel's  Meteorology,  page  163:  "Colonel  Sykea  remarks  (Phil. 
Trana.,  1B60)  tbat,  among  many  thoasond  obaervationa  taken  personally  by  himself  oo 
the  platenn  of  tlio  Deocan  (1825-1830),  there  was  not  a  solitary  inatance  in  which  the 
barometerwaanothigher  at  9or  10  a.m.  than  at  sunrise,  andlower  at  4  or  5  p.  m.thaa 
at  9  or  10  a.  m.,  whatever  tbe  state  ol  the  weather  might  be."  Enmboldt  also  obeervea 
(tome  1,  p.  308);  "Tbiaregnlarity  isanch  that,  in  the  daytime  especially,  we  may  infer 
the  honr  from  tbe  height  of  tbecolamn  of  mercnry  withont  being  in  error  on  an  aver- 
se more  than  15  or  17  minutes.  In  tbe  tonid  zone  of  the  new  continent  I  have  fannd 
tbe  regnluity  of  this  ebb  and  flow  of  the  aerial  ocean  nndistarbed  either  by  storm, 
tempest,  rain,  or  earthquake,  both  on  the  coasts  and  at  elevations  of  nearly  13,C00  feet 
above  the  level  of  the  sea." 
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diminish  the  atmospheric  preasnre.  Bat  whcD  now  we  see  that  the 
pressnre  in  the  center  of  a  whirl  sinks  very  low  so  soon  as  these  rains 
fall  ia  conseqaence  of  a  rotatory  motion  of  the  air,  most  we  then  not 
coDclade,  not  that  the  rain,  bnt  more  probably  the  whirl  itself,  is  the 
caase  of  Uie  barometric  depression,  especially  as  mechanical  principles 
teach  OS  that  in  the  midst  of  a  rotating  mass  of  air  the  pressure  mast 
decrease  toward  the  axis  of  rotation  1  I  therefore  believe  that  in  the 
present  state  of  our  knowledge  of  the  phenomena  of  storms  we  mast 
seek  to  explain  the  barometric  minima  of  the  storm  centers  by  dynami- 
cal laws.  A  step  in  this  direction  has  been  made  by  Ferrel  (see  "Silli- 
matfs  Jonrnal,"  Jannary,  1861 ;  and  "  Nature,"  July,  1871)."  I  will  re- 
nonnce  this  view  whenever  any  one  shall  have  completely  demolished 
the  objections  that  can  be  raised  against  the  origin  of  barometric  minima 
in  consegnence  of  an  asceodlng  air-carrent  without  rotatory  motion. 

I  have  acknowledged  that  X  have,  in  fact,  expressed  myself  too  gen- 
erally in  reference  to  an  observatioa  that  one  can  with  ns  note  at  any 
time,  and  Hoffmeyer  remarks  that  in  Denmark  also  the  heaviest  rains 
mostly  occnr  during  the  lowest  pressures.  Of  coarse,  however,  this  does 
notprovethat  therain  must  be  the  cause  of  the  low  pressure.  This,  and 
the  justification  of  my  statement,  at  least  for  all  places  that  are  pro- 
tected from  the  south  and  southwest  winds,  will  be  shown  by  the  follow- 
ing collation  of  the  results  of  observations. 

Wittd-rotei  /or  Barometric  Freuure  and  Fercentaga  of  Bainfall. 
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On  the  lee  side  of  the  Alps  (as  at  Vienna]  and  of  the  Biesengebirge 
[=  Giant  MountaiuB  between  Bohemia  and  Prussian  Silesia]  (as  at  Bres- 
lao,  Zechen,  and  Gorlitz),  the  greatest  precipitation  occurs  with  W.  and 
N  W.  winds,  but  on  the  North  German  slope  with  9  W.  winds.  Even  here, 
however,  the  lowest  pressnre  does  not  perfectly  coincide  with  the  max- 

[•KoTB  BY  THB  Translatok.— Mr.  Forrel'B  first  memoir,  Nashville  Jonrnal  of  Medi- 
cine and  Surgery,  xi,  1856,  and  his  elcKsnt  matbematical  paper  pQbliabed  in  Tba 
Mothematioal  Monthly,  1659  and  1860,  vola.  il  and  iii,  oppear  not  to  bave  been  oocesBi* 
ble  to  FtofesBOi  Hann.] 
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imnm  rainfall,  and  the  wind-roBes  of  Zechen  and  Vienna  show  that  la 
fact  it  cannot  be  dependent  npou  the  latter.  The  distribation  of  pres- 
aare  in  the  wind-roseB  sbovs  no  dependence  upon  the  distribation  of 
rainfall,  and  this  is  further  testimony  that  the  rain  cannot  be  the  caose 
of  the  low  pressore  daring  S.  and  SW.  winds.  If  we  onite  into  one 
mean  the  corresponding  values  for  the  places  baviDg  similar  distribation 
of  rain,  we  obtain  the  following  more  general  series  of  figaree : 


If  we  start  with  the  lowest  bammetric  reading,  and  form  the  changes 
of  pressure  by  passing  from  one  wind-direction  to  the  next,  wo  obtain 
the  following  series  of  numbers : 


Seeieb  ^ 
IfaxiBium  rain  uifJk  XW.  aindi. 

SBBIBBS. 
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Therefore,  in  spite  of  the  increasing  rainfall,  as  the  wind  veers  from 
SW.  to  I^  W.  the  pressure  increases  by  3.4  millimeters  in  series  A.  If  the 
rain  caused  the  slightest  sensible  fall  in  pressure,  then  in  the  wind-roses 
for  Vienna,  Breslan,  &c.,  the  minimum  of  pressure  would  change  from 
the  EOnth  to  the  west  side.  Bnt  notwithstanding  that  only  little  rain 
falls  with  8.  and  SW.  winds  in  Vienna,  Breslan,  &c.,  still  the  atmos- 
pheric pressure  is  lowest  with  these  winds,  precisely  as  at  those  places 
for  which  tbe  maximum  rainfall  and  the  minimum  pressure  nearly 
coincide. 

Since  on  tbe  north  slope  of  the  Alps'  and  on  the  northeast  side  of  the 
Biesengebirge,  tbe  heaviest  precipitations  occur  on  the  southwest  side 
of  the  storm  center,  therefore  the  latter  should  receive  a  tendency  to 
remaio'stationary  or  even  to  retrogress.  This  deserves  a  further  exam- 
ination. 

*  Especially  in  tbe  valley  of  Vienna.  In  Manicb  and  Kremamii aster,  the  mazimnm 
rainfall  appears  to  oecar  with  west  winds;  but  TieoDa  Is  also  protected  on  the  weet 
by  spars  of  the  Alps. 
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THE    LAWS    OP    THE    VARIATION    OF    TEMPERATDRE   IN 

ASCENDING  CURRENTS  OP  AIR,  AND  SOME  OF  THE  MOST 

IMPORTANT  CONSEQUENCES  DEDUCIBLE  THEREFROM. 

By  Dk.  J.  HiNN, 

[TruiBlBted  by  CleTeland  Abbe  from  Zeit.  Oeat.  G«»1L  Mel..  1^4,  ii,  p;).  321  rl  leq] 

Only  in  the  last  ten  years  have  we  really  begun  to  fully  credit  and 
establisli  pliyBically  tbe  great  importance  of  the  ascendiug  movement 
of  air  for  a  whole  series  of  atmospheric  phenomena.  This,  for  instance, 
can  be  clearly  seen  when  we  seek  to  collect  the  sentences  relating  to  the 
ascending  cnrreuts  in  the  carefully  and  comprehensively  compiled  Lehr- 
buch  of  E.  E.  Schmidt,  Leipsic,  1860.  Notwithstanding  that  the  cool- 
ing of  ascending  air  in  consequence  of  expansion  could  long  siace  have 
been  compated  by  means  of  an  equation  deduced  by  Poisson,  still  wo 
have  made  only  fruitless  efforts  in  its  application  to  atmospheric  phe- 
nomena, and,  for  instance,  have  sought  to  explain  the  precipitation  ou 
the  flanks  of  a  mountain  over  which  a  warm  current  is  blowing  mostly 
by  the  contact  of  the  rising  air  with  the  cool  earth,  also  by  the  mixture 
of  the  air  with  the  higher  colder  strata.  Evidently,  it  has  been  con- 
sidered not  quite  certain  how  far  the  equation  of  Poisson  is  applicable 
to  the  processes  in  tbe  free  atmosphere ;  for  there  was  no  appropriate 
example  at  hand  by  means  of  which  to  demonstrate  quantitatively  the 
dimination  of  temperatare  with  altitude  in  accordance  therewith.  The 
minute  study  of  the  Fohn  phenomena  first  led  to  sach  knowledge,  and 
showed  the  difference  of  temperature  demanded  by  the  theory  between 
the  lower  and  upper  strata  of  a  descending  cnrreot  of  air  and  tbe  cir- 
cumstances which  enforced  tbe  recognition  of  the  connection  between 
canse  and  effect.^  The  theory  of  ascending  movements  of  air  has,  how- 
ever, experienced  a  very  important  advance  tbroagh  the  labors  of  cer- 
tain physicists  (W,  Thomson,  Beye,  Peslin),  who  have  deduced  from  the 
principles  of  the  mecbanical  theory  of  beat  tbe  laws  of  the  variation  of 
temperature  in  ascending  or  descendiog  dry  or  moist  masses  of  air. 

In  our  Zeitschrift  we  have  as  yet  presented  no  report  on  these  important 
labors,  and  as  they  have  also  not  as  yet  been  presented  in  tbe  physical 
or  meteorological  text-books,  we  consider  it  proper  here  to  explain  and 
to  dednee  the  most  important  propositions  in  tbe  simplest  manner  pos- 
sible. 

I. 

Tke  Amount  of  the  Diminution  of  Temperature  in  Ascending  Currents  of 
Air  in  which  no  Condensation  of  Vapor  occurs. 

Let  dQ  denote  a  very  small  quantity  of  heat  imparted  to  or  abstracted 
from  a  nnit  weight  of  air ; 
c,  the  specific  beat  of  air  at  constant  pressnre  =>■  0.3375 ; 
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dt,  the  aligbt  ehan8:e  of  temperature  whicti  is  produced  by  dQ ; 

(T,  tlie  mechauioal  eqaivaleDtof  a  nnit  of  beat  =  424  kilogram-meters; 


and  where  jTg  Is  the  pressure  of  one  atmosphere  apoa  a  sqnare  meter  = 
10,333  kilograms  J 

Vo  is  the  volame  of  a  unit  of  weight  of  air  at  the  pressure  pe  and  tem- 
pertnre  Oo  C; 

273  is  the  zero-point  of  the  Celsius  scale  according  to  scale  of  abso- 
lute temperatures; 
-  T,  the  temperature  measured  from  the  absolute  zero-point  ^  273°  4-  f; 

t,  the  temperature  according  to  tbe  Celsius  scale. 

We  now  have  tbe  equation* 

J      p 

If  tbe  mass  of  vapor  rises,  and  if,  as  is  tbe  case  in  nature,  heat  is 

neither  added  nor  taken  away,  its  temperature  vill  change,  sioce  ander 

'dimlnisbiDg  pressure  p  its  volume  increases.    In  this  case,  dQ  =  0,  and 

the  connection  between  the  temperature  and  the  change  of  pressoie  is 

given  by  tbe  equation 

(i  =  cdt-^.^. 
J     p 

For  tbe  slight  elevation  dh,  the  diminntion  of  pressure  dp  is  given  bf 
the  equation 

■~  dp  =  p  dhf 
where  />  is  tbe  density  of  tbe  air  under  the  pressure  j). 

From  pv  =  BT  it  follows,  since 

»  =  1, 
P 
that 

P  =  ^       and        -dp  =  ^dhi 

whence 

<i  =  cdt+jdJt, 

or,  when  the  values  of  J  and  c  are  introduced, 

11  = -^=-0.009907; 

dh         Jo  ' 

the  quotient  -^  represents  the  relation  between  the  variation  of  tem- 

perature  and  of  tUtitude,  and  therefore  gives  the  change  in  temperatniv 
or  the  cooling  of  tbe  rising  mass  of  air  for  an  ascent  of  one  nnit  of  length ; 
that  is  to  say,  fbr  one  meter.  Consequently,  the  cooling  of  the  ascend- 
ing air  amounts  to  almost  exactly  1°  C.  for  every  lOO  meters,  and 
remains  tbe  same  no  matter  at  what  level  tbe  ascent  begins'  or  vhat  th« 
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initial  temperatare  may  Lave  been.  Conversely,  a  descending  current 
of  air  grows  warmer  at  the  rate  of  1°  O,  per  100  meters. 

If  the  nsing  air  contains  aqneons  vapor,  and  if  the  latter  is  not  con- 
densed because  tlie  air  remains  relatively  dry,  and  its  ascent  has  not 
continaed  safBciently  high,  then  will  the  diminution  of  temperature  be 
somewhat  slower,  since  the  specific  heat  of  aqueous  vapor  (0.4805  accord- 
ing to  Begnault)  is  somewhat  higberthanthatof  theair,  but  to  so  slight 
an  extent  that  we  can  entirely  neglect  this  retardation,  and  be  entirely 
satisfied  with  the  above  adopted  value  of  1°  C.  per  100  meters.  The 
weight  of  vapor  contained  in  one  kilogram  of  moist  air  is  at  the  atmos- 
pheric temperatures  ao  slight  in  comparison  with  the  weight  of  the  air, 
that  the  somewhat  greater  specific  heat  of  the  damp  air  can  exert  bat 
little  iDfluence. 

Ifq  represents  the  weight  of  aqueonB  vapor  contained  in  a  kilogram 
of  moist  air; 

1  —  g  =  the  weight  of  the  dry  ain 

</  =  the  specific  heat  of  the  moist  air,  will  be  given  by  tbe  expression 
c'  =  0.2375  (1-g)  +  0.4805  g  =  0.2376+0.2430  q. 

The  value  of  q,  which  always  remains  a  verj'  small  fraction,  is  found 
from  the  following  equation :  * 

q  =  0.C23 


o:f77e' 
or  very  nearly 

3  =  0.6231; 

where  e  represents  the  tension  of  vapor,  and  j>  the  total  pressure  or  height 
of  barometer  when  both  quantities  are  measured  by  the  height  of  a 
column  of  mercury.  For  instance,  if  the  ascending  air  has  at  30°  0.  a 
relative  humidity  of  60  per  cent.,  for  which  e  =  18.9  millimeterp,  then 
■will  q  =  0.01564 ;  whence  </  =  0.2413,  and  the  quotient 

^= — i;  =  -  0.0C9751. 
aft  i/c' 

The  change  in  temperature  is  therefore,  for  every  100  meters,  only  0°.01Q 
smaller  than  for  dry  air.  The  entire  error  introduced  by  extending  the 
compatation  to  900  meters  above  which  condensation  follows  amounts 
therefore  only  to  Oo.l4  0. 

We  may  be  allowed  here  to  add  some  further  remarks  upon  the  rela- 
tions between  the  temperature  and  pressure  of  the  air.  The  formula 
previously  found  gives  directly  the  change  of  temperature  as  dependent 
QpOD  the  change  in  altitude  of  a  mass  of  air ;  we  will  now  seek  for  a 
relation  which  expresses  the  change  of.  temperature  dependent  apon  a 
change  of  pressure.  From  the  fundamental  eqaation  first  laid  down,  it 
follows  directly,  if  dQ  =  0,  that— 

dt     R      T  1 

^=77^ -=79.23i, 
dp     CO     IP  p' 

if  for  B,  c,  J,  the  values  already  given  be  introduced,  ^n^  tiix,  ^ifiidi  palne 
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273.  Fiom  this  egaatioD,  It  foUowa  that  at  tUe  sarface  of  the  eartb,  or 
p  =  700  millimeterB,  a  change  of  tcmperatore  of  0°.101 0.  correspouda 
to  a  change  of  pressure  of  1  millimeter,  so  that  a  barometric  fall  of  20 
millimeters  corresponde  to  a  cooling  of  2°.l  C  Bat  since  such  a  fall  ia 
pressure  reqnires  with  us,  nnder  the  most  favorable  case,  an  interval  of 
twenty-four  hoars,  therefore  are  the  changes  of  temperature  resulting 
from  this  cause.completely  hidden  by  greater  changes  dae  toother  causes, 
and  I  do  not  think  it  will  be  possible  to  demonstrate  them.  When, 
therefore,  Sir  John  Herschel  considers  the  rapid  fall  io  pressure  as  a 
very  frequent  inducement  to  the  formation  of  precipitations,  which  latter 
be  calls  barometric  fogs,  and  minutely  characterizes  them  at  page  93  of 
his  Meteorology,  he  therein  evidently  overestimates  the  fall  of  temper- 
ature cine  to  this  source.  On  the  other  hand,  in  the  tropical  cyclones, 
in  which  the  air  flows  into  a  space  wherein  the  pressore  has  been  dimin- 
ished by  ftom  40  to  60  millimeters,  sensible  precipitations  doe  to  this 
cause  can  occur.  The  fundamental  eqnation  on  pnge  23  can  be  written 
thus: 

dp _cJ  dt 

The  integration  of  this  eqnation  gives,  if  byj»,  T,  and  byj>',  P,  we 
designate  the  values  of  pressure  and  absolute  temperature  that  belong 
together, 

cJ ,      /T-x 


'"^h'-^'^^iy 


P 

GT- 

since  we 

bare. 

as  before  shown, 

R 

c. 

-"•'J 

then  Is 

c 

i 

M^J-^^1 

where 

c, 
or  the  ratio  of  the  two  specific  heats  of  air ;  therefore, 

p'-KtJ    ' 


1^2730  +  1  N[=i_  ^Jj-^Nm 


^730  + 1 

But  this  is  the  well-imowii  eqaatioa  of  tensions  deduced  in  an  entirely 
diflFer«Dt  manner  by  Poisson.    The  value  of 

^j4-[- 3.444,        or        i=1.41, 

...ibiGooglc 


T     /-p  Y» 
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can  be  deduced  from  tbe  above  given  valnes  of  o,  S,  and  J,    Observa- 
tions OD  the  velocity  of  soand  in  tbe  air  give 

ft  =  1.40,        or        ^^=3.5. 
Inveresly, 

^^  =  0.2907  or  0.2867, 
and  with  this  we  have 

T 

From  PoissoD's  equation  we  cau  also  directly,  and  tberefore  witbont 
the  assistance  of  the  principles  of  the  mechantcaltheoryof  beat,  deduce 
the  expression  for  the  diminatioQ  of  beat  with  altitude  given  on  page 
24,  and  may  therefore  represent  it  as  a  simple  function  of  the  density  or 
the  pressore  of  the  strata  of  air  at  diOetent  altitudes.  If  we  combine 
the  eqnatioa 

with  tbe  self-evident  relation 

P.  —^  ^ 
p'-v'T^' 
we  obtain 


©'-= 


=  27. 

and  thenee 
If  In  the  equation  dp  =  ddh  we  substitute  for  dp  the  difE^reutial  oi 


<»'' 


integrate,  and  consider  that 

we  find 

T      .       It  — 1   3*   , 
T-l-T-?-*- 

(William  Thomson  on  the  Oonvective  Equilibrinm  of  Temperature  in  tbe 
A.tmo8pbere,  Mem.  Lit.  and  Phil.  Soo.  of  Manchester,  3d  series,  vol.  ii, 
1865,  read  January  21, 1862.) 

In  this  equation,  V,  S',  and  p'  are  tbe  values  of  temperature,  density, 
and  pressure  that  obtain  at  any  moment  in  the  initial  stratum  of  air. 
For  the  surface  of  the  earth, 

^  =  10333  kilograms, 

a' =  1.293.  p, 
26  S 

nigiii.cd  by  Google 
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where  To  =  273°,  corresponds  to  the  zero-point  of  the  Celsias  Boale. 
Since,  therefore,  we  can  now  introdace  Gelsiae's  degrees  instead  of  abso- 
lute temperatares,  we  And 


therefore  again  the  constant  diminution  of  temperature  of  !<>  O.  for 
©very  100  meters,  if  we  omit  the  consideration  of  the  correction  of  the 
density  for  variatioQ  of  gravitation. 


Determination  of  the  Diminution  of  Temperature  in  an  Ascending  Current 
of  Saturated  Moist  Air  which  continually  eondenseg  a  Portion  of  its 
Vapor. 

If,  while  the  mass  of  air  rises  through  the  slight  elevation  dh,  the 
small  quantity  dq  of  vapor  be  condensed,  then  will  the  gaanttty  of  heat 
rdqhQ  litwrated,  if  r  represents  the  latent  heat  of  aqueous  vapor  at  the 
prevailing  temperature  t.  For  moist  air  far  removed  from  the  point  of 
saturation,  we  have  foand  the  equation 

(^  dt  =~fdh, 


represents  the  equivalent  of  the  quantity  of  heat  which  is  abstracted 
from  the  mass  of  air,  and  goes  over  into  the  worl£  of  expansion,  whereby 
the  temperature  sinks  by  dt  degrees. 

This  quantity  of  heat  drawn  from  the  mass  of  air  will  now  only  in 
l)art  affect  it,  since  the  liberated  latent  heat  of  condensation  takes  up 
the  other  part.    Therefore  the  equation  must  now  stand 

0' dt  +  r  dq  =  —  l-dh. 


there  follows 

log  3  =  log  0.623  -t-  log  «  -  loglt, 

dq  _de     dp  ^ 

whence 

q  ~  e       .p' 

and,  by  subatitntion  in  the  original  equation, 

i/it+rq^-rq^  +  jdh=0. 

^ince  now 

n,,,„-,b,  Google 
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^heoce 


then  will 


1+rgJ-: 


ThiB  derivation  of  tbe  law  of  cooling  of  moist  air  is  due  to  Peslin, 
'who  first  gave  it  in  bis  memoir  "Sar  les  Mouvementa  GSnSranx  de  I'At- 
mospb^re;  Ball.  Hebd.  de  I'Aasociation  Scientifiqae  de  FraDce,  tom.  lii, 
1868."  Even  betbre  faim,  Sir  William  ThomsoD,  In  1862,  dedaced  a  very 
similar  relation,  but  the  derivation  given  by  Peslia  is  somewbat  sborter 
and  more  elegant. 
dt 

Tbe  qaotient  jr  represents  tbe  dimiontion  of  temperature  in  tbe 

ascending  moist  mass  of  air  for  an  elevation  of  one  nnit  of  lengtb.  The 
diminntioD  of  temperature  is  now  dependent  upon  the  quantity  of  vapor 
contained  in  the  air,  and  is  therefore  variable  according  to  the  tem- 
peratnre  at  which  the  air  Is  saturated  with  vapor.  For  r  =  0,  that 
is  to  say,  id  case  no  condensation  occars,  the  equation  resolves  itself 
into  that  already  above  given  for  dry  air,  as  it  shonld  do. 

In  order  to  attain  a  more  accurate  insight  into  tbe  changes  of  tem- 
perature of  moist  ascending  air  at  different  initial  temperatures  and 
differeot  altitudes,  it  appears  to  be  most  convenient  to  compute  and  pre- 
sent in  one  table  the  values  of  ^  for  various  values  of  e  and  q,  which 
latter  quantity  also  depends  upon  the  pressure  of  the  air.  Previously, 
however,  we  must  more  closely  consider  the  quantities  that  enter  into 
the  composition  of  tbe  formula.  Tbe  product  r.t/ J  represents  theme- 
clianical  equivalentof  the  latent  beat  of  all  the  aqueous  vapor  contained 
in  a  kUogram  of  moist  air,  and  its  computation  is  subject  to  no  difQcnlty ; 

^  is  a  constant ;  if  tbe  density  at  tbe  temperature  oo  and  at  the  normal 
pressure  of  one  atmosphere  (I0333)i8  denoted  by  I>  =  li!d2T7,  then,  since 
;o  =  J?^,is6.09730tbe  valneof  tbelogarithm  ^-  Finally,  the  factor 
-  ■  -^  is  computed  most  simply  by  means  of  tbe  formula  given  by  Magnus 
for  the  maximum  tension  of  vapor  for  any  temperature  t.  This  for- 
mula reads: 

e  =  4.525  X  10^ 

nigiii.cd  by  Google 
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where 

a  =  7.4475 
and 

b  =  234.69. 
If  we  take  the  logarithms  aod  differentiate,  we  obtain 

de    1 


and  after  introdnciDg  the  numerical  valnea 


de    1_   [3.60472] 
at  'e      (SaiT+l? 


(aa4.7 

where  the  nnmber  inclosed  in  brackets  is  the  logarithm  of  the  product 
of  Mab  (°),  the  latent  heat  r  of  aqueous  vapor  at  different  temperatares 
is  computed  according  to  the  formula  of  GlausiuH, 

r  =  607  —  0.780  (. 
Foi  the  temperatures  below  0°  is  still  to  be  added  the  heat  liberated  on 
tbe  passage  of  water  from  the  duid  to  ihe  solid  condition :  it  amounts  to 
80  calories.  Since,  however,  at  O'^,  vapor  can  be  condensed  in  a  fluid 
form,  I  have  computed  the  diminution  of  heat  without  iuclndiog  this 
additive  heat  for  0°.  The  differences  are,  however,  quite  unimportant, 
since,  for  760  millimeters,  we  have  dk  =  0.63  for  t  =  —  (i°,  but  =  0.05 

for  *  =  +  0° ;  for  200  millimeters,  we  have  £1  =  0.38  for  (  =  —  0°,  and  = 

dk  ' 

0.40  for  t  =+  Oo. 
The  table  thug  computed  is  as  follows : 


iMminufion  of  Tempera 

WtfOT 

eadh  Bandred  MeUrt 
grade  Degrea. 

1 

la: 

-m. 

-^. 

0". 

^. 

!»>. 

ISO. 

SOO. 

S50. 

30». 

^"""^ 

. 

0.69 

.ea 

0.M 
!S5 

'l2 

"i 

isB 

'.Zl 
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i 

Value  of  qin  gTammea  or  the  weight  of  the  aqueoat  vapor  in  a  kilogram  of  satarattd  air. 
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vettrt. 
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11 
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iS 

Yalue  of  i,  if  in  tmit*  of  iheffth  decimal. 
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Tb«  preceding  tables  give  in  a  oonveaient  maoner  answers  to  all  gnes- 
tioDB  that  relate  to  the  temperature  of  an  ascending  satarated  current 
of  air.  If  the  ascending  air  is  not  saturated  nith  moisture,  its  cooling 
follows  at  first  the  laws  for  dry  air,  and  the  flgnres  of  the  above  table 
first  come  into  application  when  the  cooling  has  reached  the  dew-poiut. 

But  before  we  draw  any  further  conclnsions,  we  must  first  refer  to  the 
equation  for  the  expansion  of  saturated  moist  air  which  Be^e  has  de- 
duced (see  "  Die  Wirbelstiirme,  p.  216,  or  Sehlomilch,  Zeitscbrift  Math, 
und  Fhysik,  1864).  It  is  the  analogue  of  Poisson's  equation  for  the 
elasticity  of  dry  air.  If  we  designate  bj  «  and  a/  the  specific  quantity 
of  vapor  for  the  absolute  temperatures  T  and  2*  [that  is  to  say,  the 
maximum  weight  in  kilograms  of  the  vapor  contained  in  one  cubic 
meter),  by  n  the  initial  pressure  in  the  atmosphere,  by  r  and  r'  the 
latent  heat  of  aqueous  vapor  at  the  temperatures  T  and  P,  and,  instead 
of  the  numerical  coefflcients,  write  their  loganthms  withiu  brackets,  we 
obtain  the  following  equation:* 

l„g(|,)=(3.4«S+[8.6Ul,l^),og|+[?:f»?l(„£.'-^^). 

This  formula  enables  us,  for  a  given  initial  and  final  temperature  and 
a  given  initial  pressure  (in  atmospheres],  to  compute  the  pressure  cor- 
responding to  the  final  temperature.  For  iostance,  the  initial  tempera- 
ture of  a  moist  current  of  air  which  rises  from  the  earth's  surface,  where 
»=  I,  is  20°  O.,  or  2"  =  293°;  and  if  we  desire  the  pressure,  or  the  alti- 
tude at  the  moment  when  the  temperature  has  sunk  to  10°  C.,or  IP  =  283, 
then  we  have  x'  =  0.01715,  x  =  0.00936  kilograms,  r^  =  fi92.G,  r  =  599.5, 
and  there  results 

log^  =  0.23660  +  0.100235  ^'; 
by  means  of  many  trials,  we  find  from  this, 

£7  =  0.780, 
P' 

or  a  barometric  pressure  of 

0.780  X  760  =  593  millimeters. 
This  for  a  mean  temperature  of  15°  O.  corresponds  to  an  altitnde  above 
8ea-Ievel  of  2,105  meters.  The  average  diminution  of  temperatnre  of 
he  ascending  current  is  therefore  0°.47  0.  per  100  meters.  Using  our 
able,  page  29,  we  should,  starring  first  with  20°,  have  found  0°.45  0. 
;ier  100  meters,  or  approximately  10°  in  2,200  meters,  therefore  at  a 
)ressare  of  somewhat  less  than  600  millimeters.  Since  now  for  10° 
nd  600  millimeters,  according  to  the  table,  the  diminution  of  tem^wra- 
ure  is  0.49  per  100  meters,  therefore  the  mean  diminution  is  0.47,  and 
exact  elevation  for  a  cooling  of  10°  is  given,  as  above,  almost  with- 
out computation. 
If,  however,  we  inquire  with  what  temperature  a  saturated  moist  enr- 
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rent  of  air  arrives  at  a  given  altitude,  and  this  is  the  nanal  qaeBtion  in 
meteorological  InTestigations,  then  we  canoot  nse  the  above  eqaatioo, 
becanse  it  already  assnmea  a  knowledge  of  the  final  temperature;  on 
the  other  hand,  onr  tahle  gives  at  once  abnndantly  Bafficient  informa- 
tion. The  initial  temperature  of  the  current  of  air  may,  for  instance,  be 
liP  v.,  and  the  altitnde  to  which  the  air  mnst  rise  =  8,000  Paris  feet 
=  2,600  meters.  The  table  first  gives  approximately  the  cooling  =  0°.5i 
X  26  =  14.0,  therefore  a  final  temperatnre  of  —4°.  At  the  altitude  of 
2,000  meters  for  —4°,  the  temperature  diminution  is  0.6t.  The  mean 
temperature  diminution  is  therefore  0.S7  per  100  meters,  and  at  S,000 
Paris  feet,  or  2,600  meters,  the  temperature  is  — 4'^.8  C.  The  error 
that  we  introduce  would  be  quite  unimportant  if  for  such  slight 
altitudes  we  only  used  the  initial  rate  of  diminution  of  temperatnre. 
While  a  moist  current  of  air  cools  by  only  I40.8  C,  a  dry  cnrrent  wonid 
cool  26°,  and  therefore  show  a  temperatnre  of  —16°  O.  If  dow  the 
air  sinks  on  the  other  side  to  its  original  level,  it  is  warmed  by  26°, 
whether  dry  or  moist.  The  temperature  of  the  dry  current  of  air  is 
therefore  the  same  on  both  sides  of  the  mountain,  that  of  the  moist  cur- 
rent, however.  21o.2  O.,  that  is  to  say,  by  more  than  10°  0.  higber  on 
the  lee  side.  Since  the  air  is  only  saturated  with  moisture  at  — 4°.8  C, 
it  must  possess  a  great  relative  dryness.  Thus,  as  is  well  known,  is 
explained  the  warmth  and  dryness  of  the  Fohn. 

We  will  now  append  some  general  conclusions  to  the  derivation  of 
the  law  according  to  which  a  mass  of  air  changes  its  temperatnre  when 
the  pressure  acting  upon  it,  and  therefore  its  volume  experience  a  change. 

For  a  moment  imagine  the  attraction  of  the  earth  upon  its  atmos- 
phere to  cease,  and  the  latter  to  .be  a  uniformly  dense  gaseous  envelope, 
having  a  constant  temperature  at  all  distances  from  the  earth's  surface. 
This  gaseoas  envelope  contains  no  aqueous  vapor,  and  the  inflnence  of 
every  cosmic  or  telluric  source  of  heat  is  excluded ;  then  let  the  force  of 
gravity  come  into  existence:  the  lower  strata  of  air  are,  by  the  weight  of 
the  upper,  compressed  together,  and  the  density  of  the  strata  diminishes 
with  the  altitude,  and,  according  to  Mariotte's  law,  in  a  geometrical  pro- 
gression. The  temperature  also  can  now  no  more  remain  the  same  at  all 
distances  from  the  earth's  surface,  but  must  be  highest  in  the  lowest 
strata, whicharestrongeatcompressed, and  most  diminish  upward.  The 
law  of  this  upward  diminution  of  temperature  is  expressed  by  the 
equation  of  Poisson,  above  given,  which  presents  the  relation  between 
the  temperature  and  the  pressure  of  the  gas  to  which  no  heat  is  com- 
municated from  the  exterior,  and  from  which  no  heat  is  abstracted,  and 
we  have  shown,  page  25,  that  the  amount  of  this  diminntion  of  tempera- 
ture is  1°  0.  for  100  meters  difference  of  altitude.  In  the  gaseous  enve- 
lopes of  other  celestial  bodies,  a  diminution  of  temperature  outward 
must  take  place  in  a  similar  manner,  which,  so  far  as  it  is  a  function  of 
the  gravitation  toward  the  center  of  the  mass,  can  be  computed  accord- 
ing to  one  of  the  formulse  given  on  pages  23  and  24,    The  amount  of  this 
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diminntion  of  temperatnre  depends  tberefoie  on  the  specific  heat  of 
the  gaaeoQS  envelope  and  the  magnitade  of  the  force  of  gravitation  on 
the  anrface  of  the  body  in  qnestion  J 

The  equilibriam  of  heat  that  obtaina  in  the  atmosphere  nnder  such 
a  distribution  of  temperatnre  will  best  be  especially  understood  by  the 
coDseqnent  deduction,  that  any  mass  of  air  transferred  ftom  one  altitade 
to  another  vill,  in  consegaence  of  the  compression  or  the  expansion  that 
it  experiences,  there  attain  exactly  the  temperature  of  the  surrounding 
legion,  and  will  therefore  have  no  tendency  to  leave  its  new  location. 
This  is  a  state  of  indifferent  equilibriam.  If  the  dimioation  of  tempera- 
ture were  less  than  l'^  0.  per  100  meters  of  ascent,  then  would  the  eqni- 
Itbrinm  be  "  stable";  were  it  greater  than  1°  per  100  meters,  then  would 
the  equilibrium  of  the  superposed  strata  be  "  unstable." 

If  now  we  let  the  sun  act  as  the  source  of  heat  for  our  atmosphere, 
and  assume  that  the  latter  is  perfectly  diathermanous,  so  that  it  absorbs 
absolutely  no  heat-rays,  and  therefore  receives  the  solar  heat  only  through 
ihe  medium  of  the  heated  surface  of  the  earth,  the  stratum  of  air 
directly  resting  npon  the  earth  becomes  heated  by  conduotion,  specifi- 
cally lighter,  and  ascends,  a  process  that  is  continually  renewed.  Since 
now,  in  ascending  masses  of  air,  a  cooling  must  take  place  at  the  rate  of 
1°  0.  per  100  meters,  therefore  the  already  existing  law  of  the  dimiuu- 
tioQ  of  temperature  with  altitude  cannot  be  altered  by  this  method  of 
warmiug  &t)m  beneath.  The  assumed  premises  are,  however,  only  in 
part  fulfilled  in  the  actual  atmosphere,  and  its  heating  takes  place  by 
no  means  in  such  a  simple  manner.  First,  the  atmosphere  is  by  no  means 
perfectly  diathermanous,  bat  directly  absorbs  about  one-fourth  of  the 
solar  heat-rays.  Moreover,  for  the  higher  strata  an  important  source  of 
heat  is  the  aqueous  vapor,  which,  carried  up  with  the  ascending  air  or 
cooled  from  any  other  causes,  condenses  and  gives  its  latent  beat  ap  to 
the  air,  and  in  this  way  diminishes  its  cooliug.  The  table  on  page  20 
shows  to  what  a  great  extent  the  cooliug  of  moist  ascending  air  is 
retarded.  A  further  [third]  source  of  heat  is  the  radiation  from  the 
heated  surface  of  the  earth,  a  considerable  portion  of  which  may  l)e 
absorbed  in  the  lo«  er  strata.  Inversely,  the  surface  of  the  earth  cooled 
by  radiation  of  beat  at  night  and  in  winter  has  a  cooling  infiaenee  on 
the  lowest  strata  of  air.  All  these  circumstances  bring  it  abont  that 
observations  give  a  diminution  of  temperature  with  altitude  varying 
according  to  place  and  time,  and  which  cannot  be  expressed  by  any 
law.  Observations  agree  ouly  in  showing  that  on  the  average  in  tbe 
lowest  strata,  which  alone  are  accessible  to  us,  the  temperature  diminu- 
tion is  considerably  slower  than  1°  0.  per  100  meters,  and  that  the  annual 
average  in  the  tropics,  as  in  Europe,  lies  between  0°.5  and  0°.6  0.  The 
few  observations  made  by  Olaisher  above  20,000  feet  give  a  still  slower 
temperature  diminution  at  that  altitude. 

A  temperature  diminution  as  rapid  as  ascending  currents  of  dry  air 
tnnst  show  has  only  been  found  in  summer  time  during  fine  weather. 


C^.ooc^lc 
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quite  near  tbe  earth's  snrface.  Glaisher's  obaervations,  daring  namer- 
ons  ballooD  voyages,  gave,  for  the  free  atmosphere,  the  following  ratios 
for  the  diminution  of  temperatnre  with  altitude  (lieport  of  the  British 
Association,  1864): 

Diminution  of  Henywahirsjwr  100  metara  in  CiitaU»  degnet. 
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Tills  gives  for  tbe  snmmer  seasoo,  np  to  ao  altitude  of  6,000  English 
feet  (1,500  meters),  an  average  dimioution  of  temperature  of  0°.C8  O., 
very  uearly  equal  to  that  observed  in  the  Alps.  The  observations 
therefore  show  the  mean  condition  of  the  atmosphere  to  be  that  of  stable 
.  equilibrium.  Tbe  diminution  of  temperature  with  elevation  is  slower  in 
Tvinter  (iu  Switzerland  it  is  O.lo)  for  two  reasons:  First,  because  then 
the  earth's  surface  exerts  a  cooling  iufiiicnce  on  tbe  lower  strata,  aud 
often  so  intense  that  the  temperatnre  increases  upward;  to  a  less 
extent  this  is  also  the  case  at  night.  Secondly,  because  the  condensa- 
tion of  aqueous  vapor  takes  place  during  this  season  moat  frequently 
in  the  lower  strata ;  often,  indeed,  at  the  surface  itself  of  the  earth.  Bat 
of  most  importance  is  the  flrstnnmed  circnmstanee,  for  ou  clear  days 
and  in  clear  winter  mouths  the  diminution  of  temperatnre  with  the  alti- 
tude is  slower  than  doriug  cloudy  weather  or  precipitation.  The  differ- 
ence of  temperature  (8°  C.)  between  Geneva  and  St.  Bernard  (difference 
of  altitude  2,070  meters)  is  in  December  less  than  it  would  be  in  a  cor- 
rent  of  moist  air,  saturated  at  2(y  0.,  blowing  from  Geneva  to  St.  Ber- 
nard, The  slight  difference  of  temperature  can  therefore  not  be 
explained  by  means  of  the  heat  of  condensation ;  it  is  in  by  far  the 
greater  part  to  be  ascribed  to  the  greater  cooling  of  tbe  lower  strata  by 
the  earth's  surface  and  to  the  underflow  of  tbe  air  cooled  upon  the 
mountains. 

In  summer,  the  diminution  of  temperatnre  is  more  rapid,  because 
then  the  heated  surface  of  the  earth  acts  more  powerfully  by  condnction 
and  radiation  upon  tbe  lowest  strata  of  air.  Since  this  stratum  for  the 
same  reason  is  at  this  time  relatively  drier,  wherefore  the  first  conden- 
sation of  vapor  occurs  at  higher  altitudes,  the  ascending  air  can  show  a 
diminution  of  temperature  nearly  the  same  as  for  dry  air. 

We  ought,  however,  not  to  represent  to  ourselves  the  warming  of  the 
atmosphere  from  below  on  calm,  clear  summer  days  as  taking  place  by 
means  of  a  continuous  ascending  cnrrent.  Above  limited  localities, 
such  a  process  certainly  occurs,  and  the  cumulus  formations  are  a  proof 
thereof.  But,  in  general,  the  warming  proceeds  gradually  from  below 
upward,  through  the  rising  of  warmer  and  sinliing  of  cooler  air  aud 
tlieir  intermixture,  and  the  work  of  one  day  is  continued  on  the  next 
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after  the  Dootornal  interraption.  Daring  tbe  oigbt-time  even  wanner 
strata  can  float  aboi  e  tbe  lower  oneB,  cooled  at  tbe  sarfaoe  of  tbe  eartb, 
until  tbe  insolatiou  is  again  active.  In  this  manner,  during  calm,  clear 
summer  weather,  the  entire  lower  portion  of  the  atmosphere  is  qaite 
uniformly  warmed  and  stirred  up. 

If  the  ascending  masses  of  air  reach  that  altitude  at  which  their 
temperature  agrees  with  that  of  tbe  stratum  attained,  then  should  we, 
during  beautiful  summer  weather,  observe  a  diminution  of  1'^  C.  per  ]  00 
meters.  This,  however,  is  not  tbe  case,  and  the  observations  show,  on 
the  contrary,  that,  at  least  in  mountainous  countries,  the  temperature 
ditninishes  with  the  altitude  slower  during  fine  weather  than  during  bad 
weather.  This  has  already  been  proven  by  Kamtz  from  the  temperu- 
ture  differences  between  Halle  and  the  Bi'0c;ken.  In  order  to  attain  a 
better  insight  into  this  relation,  I  have  deduced  tbe  fallowing  numbers : 

An  excelleut  monograph  has  been  published  by  Biilwiller  in  Ziiricb 
on  tbe  thunder  storm  of  28th  July,  187:i,  in  Northern  Switzerland  . 
(Schweiz.  Meteorolog.  Beobachtungen,  Jabrg.  1872).  It  therefore  seems 
to  me  most  instmctiveto  investigate  the  diminution  of  temperature 
with  altitude  for  tbe  period  immediately  preceding  this  storm.  Up  to 
the  19tbJuly,  the  weather  was  cloudy  and  rainy ;  the  last  rain  fell  on  the 
IDtb,  and  on  the  20tb  there  began  a  period  of  beautiful  hot  summer 
weather,  which  experienced  its  first  interraption  on  the  28th  by  heavy 
tbander-storms  in  the  afternoon. 

Dallg  Mean  DmUvHOM  </  nmptraUrt  in  degrees  C«biiw  per  100  tneltrs. 
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During  the  rainy  period,  therefore,  the  upward  diminution  of  temper- 
ature was  very  largej  on  the  advent  of  clear  hot  summer  weather,  it  be- 
came smaller,  and,  in  fact,  the  diminution  progressed  quite  regularly 
from  tbe  beginning  of  tbe  fine  weather  to  tbe  outbreak  of  tbe  thunder- 
storms, for  instance: 
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'f  be  rapid  rate  of  diminution  of  temperature  during  the  rainy  period, 
which  was  also  accompanied  by  strong  wiiida,  fs  a  coDseqaence  of  tbe 
ascent  of  the  air  on  the  fianka  of  tbe  monntaina.  In  the  free  atmosphere, 
the  air  at  tbe  same  altitudea  is  certainly  somewhat  warmer  and  the  tem- 
perature diminution  slower.  I  do  not,  however,  think  that  in  tbe  sub- 
sequent slower  rate  of  dimination  the  radiation  of  beat  from  the  surface 
of  the  earth  exerted  any  disturbing  influence.  Such  radiation  acts 
upon  tbe  thermometer  more  at  the  lower  than  at  tbe  upper  station,  and 
mast  therefore  tend  to  increase  the  differences  of  temperature.  It  can, 
however,  not  be  denied  that  the  true  temperature  of  the  air  in  the  neigb- 
borhood  of  a  mountain  is  somewhat  higher  than  at  the  same  level  in  tbe 
free  atmosphere.  Bat  the  observatious  of  Olaisher  up  to  6,000  feet  ele- 
vation have  given  during  fine  weather  an  average  rate  of  diminution  of 
only  O'^.Gl  C.  per  100  meters.  Even  daring  tbe  afternoons,  tbe  diminu- 
tion of  temperature  with  altitude  does  not  reach  tbe  degree  that  cor- 
responds to  that  of  an  ascending  current  of  air. 

Bate  of  Diminitlion  of  Temperalurt  at  1^  p.  to. 
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Thus  it  seems  that  tbe  warming  of  the  lower  strata  of  tbe  atmosphere 
by  the  heated  surface  of  the  earth  takes  place  mostly  by  the  gradual 
mixing  of  tbe  lowest  strata  with  the  higher,  whereby  the  ascending 
columns  of  air  with  a  slower  movement  gradually  equalize  their  temper- 
ature with  that  of  the  snrronndiDg  air  without  reaching  those  altitudes 
to  which  a  continnally  ascending  current  of  air  of  equal  temperature 
conld  attain ;  the  beating  of  tbe  air  by  the  radiation  from  tbe  earth's 
surface  mnst  also  come  into  consideration.  Thua  there  is  formed  a  stra- 
tum pretty  aniformly  heated  up  to  a  certain  altitude  above  the  earth's 
surface  within  which  the  diminution  of  temperature  takes  place  slowly, 
but  above  which  it  probably  takes  place  rapidly.  So  long  as  tbe  dry 
winds  which  bring  clear  weather  blow  strongly,  the  upward  diminution 
of  temperature  is  rapid,  becauBe  the  particles  of  air  warmed  below  must 
attain  their  appropriate  altitude;  but  as  soon  as  the  dry  winds  diminish, 
and  calms  finally  ensue,  the  above  described  overheated  stratum  of  air 
develops  itself  continually  more  and  more,  and  with  it  first  an  indif- 
ferent, then,  finally,  perhaps,  an  niiatable  equilibrium  between  this 
and  tbe  higher  strata.  From  the  20th  to  the  28th  of  July,  1S72,  the 
warming  from  below  had  gradually  extended  above  the  level  of  the 
highest  station  in  Switzerland,  and,  therefore,  before  the  outbreak  of 
the  thunder-storm  no  unstable  equilibrium  is  demonstrable.  Baton  the 
2Sth,  when  the  stronger  west  wind  first  prevailed  high  above  Switzer- 
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land,  tlie  stagnating  overheated  Btratnm  of  air  could  no  longer  remaiO' 
in  eqnilibrinni,  and  a  stormy  mixture  of  the  lower  and  npper  masaes  of 
air,  which  of  conrse  was  accompanied  with  precipitation  and  thunder 
and  lightning,  precipitated  itself  mostly  from  the  upper  strata  in  special 
localities  downward  to  the  earth's  surface. 

The  occurrence  of  unstable  equilibrium  in  strata  of  air  Ijiiig  vertically 
above  each  other  after  a  period  of  sunny  and  calm  weather  is  facilitated 
by  the  fact  that  the  inflow  of  a  strong  wind  almost  always  first  occurs 
in  the  upper  strata,  whose  temperature  thereby  rapidly  sinks,  while  in 
the  lower  strata,  it  perhaps  still  rises.  Since  the  flow  of  the  air  near  the 
surface  of  the  earth  is  much  obstructed  and  delayed  by  friction  and  other 
obstacles,  the  cooling  is  completed  more  rapidly  in  the  upper  strata  aud 
the  inflowing  colder  air  surrounds  from  above  the  warmer  lower  strata,. 
which  then  must  break  through  with  violence." 

In  a  sinking  and  warming  current  of  air,  no  condensation  of  aeneous 
vapor  can  take  place,  therefore  in  it  the  increase  of  temperature  of  1°  C. 
per  100  meters,  as  required  by  theory,  must  clearly  stand  forth.  In  fkcf,. 
the  F6hn  wind  shows  this  rapid  increase  of  temperature  between  the 
summit  and  base  of  the  mouutains  over  which  it  descends.  In  general, 
descending  masses  of  air  can  have  only  a  warming  effect  upon  the  earth's 
surface,  since  their  increase  of  temperature  is  more  rapid  than  the  average 
upward  diminution  of  temperature.  If,  for  instance,  in  summer  the 
strata  in  which  float  the  ice  crystals  of  the  cirrus  clouds  at  altitudes  of 
6,000  to  7,000  meters  had  a  temperature  of  even  —  30°  C,  still  would  they 
by  sinking  to  the  earth's  surface  have  a  temperature  of  +3Q°  or  +40°  C. 
Only  in  the  case  of  a  diminution  of  temperature  of  more  than  1<^  0.  per 
100  meters,  which  can,  however,  only  be  local  and  occnr  in  summer,  but 
never  in  winter  can  it  happen  that  masses  of  air  descending  from  the 
upper  regions  to  the  earth's  surface  arrive  there  cooler  than  the  air 
that  they  displace.^ 

One  of  the  effects  of  descending  currents  of  air  must  consist  in  clear- 
ing np  the  sky,  and  dissipating  tbe  precipitations,  instead  of  causing 
them.  Now,  however,  we  still  observe  precipitation  on  the  advent  of  an 
upper  carrent  of  air  that  slowly  descends  to  the  earth's  surface  and  then 
brings  warmth.  When,  after  clear  weather,  the  increasing  cirrus  clouds 
announce  the  speedy  advent  of  foal  weather,one  can  ofttu  enough  clearly 
observe  how  the  layer  of  cirro-stratus  sinks,  and  is  thereby  thickened, 
and  gradually  merges  into  a  rain  cloud.  Often  after  a  hot  sammer  day 
I  have  seen  thunder-storms  form  in  this  manner;  the  formation  of  the 
lower  layer  of  cumulo-stratus  unmistakably  proceeded  from  a  layer  of 
sinking  cirro-stratus,  lu  this  case,  however,  the  upper  current  of  air^ 
conld  be  relatively  so  cold  that  even  after  sinking  it  could  cool  the  lower 
strata.  In  winter,  such  an  assumption  would  not  be  allowable;  we  must 
assame  that  the  upper  warm  current  increases  in  volume,  continually 
extends  into  deeper  strata  (but  does  not  form  a  descending  air-curreni)v 
and  by  mixing  with  tbe  lower  strata  produces  a  precipitation  coutinnally 
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increasing  with  the  depth,  but  still,  ae  is  well  known,  always  of  slight 
iuteusity;  (tbe  precipitation  on  the  east  side  of  the  wiodrose,  where  the 
polar  current  merges  into  the  eqnatorial). 

At  least,  this  much  ia  clear,  that  the  view  now  very  prevalent  that  the 
upper  trade-wind  or -the  SW.  currents  of  our  hemisphere  bring  a  large 
part  of  its  aqueous  yapor  from  its  place  of  origin,  the  equatorial  calm 
zone,  is  not  tenable.  At  the  low  temi>erature  that  it  must  have  in  tbe 
high  region  above  the  trade- wind,  it  can,  even  if  saturated,  only  contain 
so  little  water,  that,  sinking  down  to  the  earth  without  the  addition  of 
water  from  below,  it  can  only  arrive  with  a  great  relative  dryness. 
Thus,  for  instance^  the  observations  of  Piazzi  timyth  on  tbe  Peak  of 
TeneriETe,  at  tbe  lower  limit  of  t  he  return  trades,  at  an  altitude  of  326+ 
met«rs,  gave  tbe  average  tension  of  vapor  for  August  and  September 
at  4  millimeters,  therefore  a  dew-point  of —2<' 0.  This  current  conld 
therefore  first  produce  a  iirecipitation  in  regions  whose  temperature  luy 
below— 2°  0.,  and  therefore  it  is  impossible  that  our  summer  and 
autumn  rains  come  from  this  source.  Karl  v.  Fritsch  confirms  the  slight 
amount  of  moisture  in  the  anti-trades  upon  tbe  Peak  of  Teneriffe,  and 
says  that  tbe  higher  SW.  wind  has  a  cooling,  not  a  warming,  effect'" 
(probably  on  account  of  its  greater  violence).  Muhry  imagines  the 
water  contained  in  tbe  anti-trade  to  be  in  the  solid  form  of  tbe  ice 
spicule  of  the  cirrus  clouds,  and,  indeed,  the  upper  SW.  current  eonld 
c^rry  with  it  some  water  in  solid  form.  But  if  the  material  for  tbe 
abundant  precipitation  of  our  SW.  and  W.  winds  comes  in  this  manner 
from  the  zone  of  calms,  or  from  any  part  of  the  tropical  zone,  then  tbe 
up[>er  west  current  above  the  zone  of  trade-.winds  must  cover  the  sky 
with  a  thick  dark  cirro-stratus  layer,  while  to  tbe  contrary  the  zones  of 
trade-winds  are  the  clearest  regions  of  the  earth. 

Therefore  the  ralus  of  the  anti-trades  and  of  the  west  winds  of  higher 
latitudes  do  not  originate  in  the  tropics,  but  the  anti-trade  receives  its 
moisture  anew  first  from  below,  and  can  take  up  much  water  since  it  is 
warmed  by  descending,  and  can  again  condense  li  so  soon  as  it  is  cooled 
in  its  horizontal  progress  or  by  ascent  upon  mountains. 

If  no  aqueous  vapor  could  condense  in  ascending  masses  of  air,  then 
must  their  ascensive  power  be  rapidly  paralyzed,  since  the  cooling  of  the 
ascending  air  is  much  more  rapid  than  tbe  usual  upward  diminntiou  of 
temperature.  Therefore  dry  ascending  air-currents  could  only  under 
rare,  specially  favorable  circumstances  attain  to  great  altitudes.  Bo  soon, 
however,  as  vapor  is  condensed,  the  temperature  diminution  of  the 
ascending  air  is  so  delayed  that  its  ascensive  power  becomes  very  pow- 
erful, and  since  thereby  again  the  intensity  of  the  precipitation  increases, 
tbe  upward  impulse  remaiua  iu  power  until  tbe  aqueous  vapor  has  nearly 
exhausted  itself.  Since  now  tbe  dimitiisbing  pressure  of  tbe  air  partly 
compensates  the  diminutinnof  tbe  quantity  of  vapor  (see  table,  page  29), 
therefore  the  buoyancy  diminishes  only  slowly.  The  ascent  of  the  damp 
air  is  finely  displayed  in  the  rapid  growth  of  the  cumulus  clouds,  which 
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ofteo  rise  like  colamns  in  the  bine  sky  of  summer,  and  plainly  grow  out- 
ward from  the  interioi'.  The  warmer  the  air,  or  the  higher  the  tem- 
perature at  which  it  is  saturated  with  vapor,  by  so  much  the  greater  is 
thenpward  impnlse  it  experiences  on  the  occurrence  of  precipitation. 
Therefore  the  precipitations  of  the  ascending  currents  in  sammer,  and 
especially  io  most  tropical  climates,  occur  under  the  most  favorable  cir- 
cuiustancps.  When,  during  calm,  sanny  weather,  the  above-described 
overlieatiDg  of  the  lower  strata  of  air,  which  is  always  accompanied  by 
abundance  of  aqueona  vapor,  has  been  brought  about,  and  there  arises, 
if  only  in  the  highest  atratn,  a  distnrbauce  of  the  equilibriam  already 
stretched  to  its  utmost  limit,  and  thereby  a  small  initial  condensation 
of  the  vapor,  the  air  immediately  receives  a  strong  upward  impulse,  and 
draws  the  lower  strata  rapidly  with  it  in  motion.  Hence  the  numerous 
thnnder- storms  in  calm,  hot  Hammer  weather,  and  in  the  tropics  on  the 
cessation  of  the  regular  trade-wind.  These  thunder-storms  do  not  indi- 
cate a  change  in  the  weather:  they  only  restore  the  equilibrium  of  the 
atmosphere  disturbed  in  a  vertical  direction.  The  lower  atmospberic 
strata  are  cooled  by  evaporation  aud  by  the  cooler  rain- water;  the  npper 
are  warmed,  and  thns  the  equilibrium  becomes  again  stable. 

Tbe  formation  of  bail  is,  as  Beye  has  shown,  most  easily  explained 
by  aach  ascending  moist  cnrrents  of  air.  Tbe  occurrence  of  hail  in  tbe 
hottest  time  of  the  day  and  the  year  and  the  prevailing  calms  point 
directly  to  tbe  anperheating  of  the  lower  strata  as  their  immediate 
canse.  But  the  chief  difficulty  consists  in  the  question,  Whence  comes 
the  cold  that  is  necessary  for  freezing  the  precipitation,  and  how  can  it 
be  due  to  the  high  temperature  of  the  lower  strata  of  airt  Mofar 
assames  a  descent  of  higher  cold  air.  We  have  previously  shown  bow 
seldom  this  process  can  occur,  and  that  it  can  prodace  no  considerable 
cooling,  becanse  the  air  is  greatly  warmed  in  its  descent.  Most  natural 
is  it  to  assume  with  Reye,  inversely,  that  the  lower,  moist,  hot  air  is  rap- 
idly carried  npward.  We  have  previously  exphiiued  that  on  the  occa- 
sion of  irruption  of  cold  winds  the  upper  strata  rush  ahead  of  the  lower, 
so  that  the  stagnating  lower,  hot,  moiat  air  is  equally  surrounded  by  tbe 
upper  cold  air.  The  former  thereby  acquires  an  especially  strong  up- 
ward impulse,  which  is  increased  by  the  intense  condensation,  so  that 
it  must  soon  arrive  at  altitudes  where  the  precipitation  freezes.  This 
explaina  the  fall  of  hail  on  the  advancing  side  of  a  tbnnder-storm  or 
tornado;  its  recnrrence  in  bands;  its  dependence  upon  local  peculiari- 
ties (broad  river  valleys  are  more  intensely  warmed,  aud  have  no  equal- 
izing currents  of  air,  such  as  in  narrow  mountain  valleys;  therefore 
bail  is  more  frequent  in  the  former,  as  has,  for  instance,  been  demon- 
strated for  Oarintbia  by  Prettner);  the  descent,  by  way  of  compensa- 
tion, of  the  cooled  air;  finally,  tbe  maximum  of  hail  in  early  snmmer, 
at  which  time  the  upward  diminution  of  temperature  is  most  rapid,  and 
the  greatest  difference  of  temperature  exists  between  the  earth's  sur- 
face, warmed  by  the  faigh  suu,  and  the  npper  strata  of  air,  that  still 
retain  their  winter  cold. 
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Since  moist  air,  so  soon  as  precipitation  occurs  therein,  must  almost 
always  experieDce  an  impulse  apward,  becanse  the  npward  diminution 
of  temperatnre  is  seldom  so  slow  as  to  correspond  to  that  of  an  ascend- 
ing moist  cnrrent  of  air,  therefore  it  seems  to  me  that  In  all  precipita- 
tions the  ascending  movement  of  the  air  plays  an  important  part  and 
increases  its  intensity.  When  a  cooler  air-carrent  begins  to  flow  over 
warmer  air,  there  flrst  occurs  at  the  surface  of  contact  a  slight  precipi- 
tation, above  which  then  the  air  breaks  with  strong  asceusive  power 
upward  into  the  upper  cold  air,  In  consequence  of  the  continually 
increasing  ditTerence  of  temperatare,  and  thereby  loses  almost  the 
whole  of  its  aqueous  contents.  On  the  other  band,  If  a  warmer  current 
flows  above  a  cold  one,  this  process  must  be  feebler  j  and  therefore  the 
precipitations  are  less  intense  when  warmer  air  approaches. 

Since  the  effect  of  the  precipitations  of  the  rising  moist  air  is  to  ele- 
vate the  temperature  of  the  upper  strata,  but  to  lower  that  of  the  lower 
strata,  it  follows  that  a  barometer  at  the  earth's  surface  can  remain 
quite  unaffected  by  this  re-establishment  of  the  equillb^fum  in  a  vertical 
direction  of  the  temperature;  but  at  a  certain  altitude,  the  barometer 
must,  before  the  rain,  stand  higher  than  afterward.  The  diminution 
of  pressure  caused  by  the  abstraction  of  the  elastic  force  of  the  aqueons 
vapor  is  compensated  by  the  inflowing  air  of  the  neighborhood.  In  ex- 
tended rains,  a  relatively  warmer  air  collects  above  the  rain-clouds,  bnt 
an  active  ascension  of  this  air  can  only  take  place  at  the  edges,  where 
the  difference  of  temperature  produces  a  strong  npward  impulse,  and 
the  cooler  air  of  the  neighborhood  can  rapidly  fl6w  in  after.  Also,  in 
the  case  of  a  condensation  of  vapor  over  an  extended  area,  the  baronle- 
ter  will  sink  somewhat  only  in  the  central  portions.  We  have  no  ob- 
servations of  this,  because  any  such  precipitation  must  immediately 
produce  currents  of  air  from  the  sides  inward;  but  with  the  accession 
of  cooler  air,  the  warming  of  the  higher  strata  is  again  compensated, 
and  the  barometer  will  rather  rise  than  sink.  The  causal  relation 
between  the  precipitations  and  the  origin  and  the  progress  of  storms 
can  therefore  only  consist  in  this,  that  the  condensation  of  aqueous 
vapor  gives  the  air  a  more  or  less  decided  npward  impulse,"  and 
thereby  produces  and  continually  maintains  a  flow  of  air  from  all  sides 
toward  the  rain-cWnd.  Bnt  so  long  as  no  whirl  is  produced  thereby, 
this  process  cansea  no  notable  change  in  atmospheric  pressure  in  the 
horizontal  strata  of  air.  Therefore  the  heaviest  rainfalls  are,  in  the 
equatorial  zone,  accompanied  by  no  low  barometer,  nor  in  our  latitudes 
either,  so  loog  as  the  cansea  leading  to  the  formation  of  a  whirlwind  are 
wanting.  The  pressure  sinks  decidedly  only  when  an  extended  whirl 
has  formed,  in  whose  center  probably  the  air  is  rising  with  increased 
violence.  I  therefore  believe  the  diminntion  of  pressure  in  the  center 
of  a  storm-area  to  be  a  mechanical  effect  of  the  whirling  movement  of 
the  air.  This  whirl,  however,  continually  receives  new  force,  and  is  con- 
trolled by  the  process  of  precipitation.    I  therefore  agree  with  Beye 
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wben  be  aays  that  in  the  whirlwinds  the  moving  force  is  the  latent  heat 
of  the  condensed  aqneons  vapor.* 

The  results  of  the  lnveatigations  of  Ley  and  Blauford  into  the  origin 
of  whirlwinds  agree,  as  I  believe,  entirely  with  the  preceding  presenta- 
tion of  the  case,  that  the  barometric  mininium  at  the  center  of  a  cyclone 
is  primarily  a  consequence  of  the  whirhng  movement  of  the  air;  for  it 
does  not  happen  that  in  consequence  of  extended  heavy  precipitations 
a  decided  barometric  depression  forms  over  a  region  aboat  which  then 
the  air  begins  to  circulate,  but  it  is  only  after  the  whirl  ia  well  devel- 
oped that  an  area  of  low  pressure  forms,  which  then  progresses  further. 
From  the  weather  prevailing  over  the  Bay  of  Bengal  previous  to  the 
Calcutta  cyclone  of  1867,  Blanford  has  drawn  the  conclusion  that  the 
cyclones  originate  in  a  region  of  calms  and  variable  winds  between  the 
northeast  monsoon  and  the  retreating  southwest  monsoon.  Their  pri- 
mary cause  consists  in  local  accumulations  aod  condensations  of  aqueons 
vapor  in  a  calm  region  above  the  ocean.  Many  days  elapse  before  the 
whirlwind  has  developed  itself  (Proceedings  of  the  Royal  Society,  1809). 
Similar  are  the  conclusions  of  Ley  as  to  the  origin  of  whirlwinds  in 
England." 

There  still  remains  unexplained,  so  far  as  I  can  see,  the  cause  which 
determines  the  different  intensities  of  the  barometric  minima  in  the 
centers  of  storms  in  the  tropics  and  in  onr  latitudes  in  the  summer  and 
winter.  If  the  intensity  of  the  precipitation  determined  this,  then  would 
the  barometric  minima  of  the  summer  exceed  those  of  the  winter,'^  bat  it 
seems  more  promising  to  seek  for  the  cause  of  the  greater  intensity  of  the 
barometric  depressions  in  winter  in  the  greaterdifferences  of  temperature. 
The  air  over  the  warm  Atlantic  Ocean,  strongly  warmed  by  frequent 
precipitations,  is  then  bounded  on  both  sides  by  very  cold  dry  air.  This 
mast  give  rise  to  decided  disturbances  of  equilibrium  and  to  storms; 
but,  on  the  other  hand,  in  the  tropical  cyclones  the  temperature  differ- 
ences can  have  no  relation  to  the  intensity  of  the  storm. 

That  in  the  condensation  of  aqueous  vapor  in  winter  the  latent 
beat  of  fluidity  is,  in  the  case  of  the  freezing  of  water,  to  be  added  to  the 
latent  heat  of  vaporization,  can  only  make  a  slight  difference,  because 
the  former  amounts  to  only  a  little  over  one-eighth  of  the  latter  (see 
page  29).  The  ratio  of  the  liberated  heat  at  15>3  0.  to  that  at— 5° 
O.  is  as  596  to  690  or  as  1  is  to  1.16.  Herein,  therefore,  the  expla- 
nation cannot  lie,  as  Espy,  and  in  part  also  I^ye,  assnmes.  Bather 
could  we  think  that  the  circnmstance  that  in  winter  the  condensation 
takes  place  in  lower,  denser  strata  of  air,  and  at  lower  temperabires, 
should  increase  the  upward  tendency.  In  fact,  this  must  be  the  case, 
but,  as  a  simple  computation  shows,  the  buoyancy  of  a  mass  of  air  is, 
for  the  same  temperature  differences,  only  about  one  fifth  smaller  when 
the  pressure  is  GOO  millimeters  instead  of  TOO  millimeters,  and  only 

[■  Note  by  the  Thansi^itor.— This  tLeotem  will  alao  be  found  aoMpted  by  Feirel : 
Mathemalical  l^onthly,  ii,  leSS.] 
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aboat  one-teotli  smaller  vhen  Bach  temperatnre  differences  occur  at 
15°  0.  instead  of  0°  0.  Even  if  we  consider  also  the  greafer  latent  heat, 
this  still  does  not  compensate  for  the  differences  in  the  intenBities  of 
precipitation,  and  snfflces  not  for  an  explanation  of  the  whole  of  the  dif- 
ference of  the  barometric  depressions  of  the  snmmer  and  winter,  bo  long 
as  we  consider  the  intensities  of  the  whirlwinds  proportional  to  the 
intensities  of  the  precipitations. 


NOTES. 

No.  1,  p. 22.  SeeZeit  OMt.Q«8eU.,Tol.  s,  p.  673.    TbeSiTocoosof  the Soatbern  Alps. 

No.  2,  p.  S3.  For  those  of  onr  readers  to  whom  this  iraportant  eqoatioD  uems  strange, 
and  nbo  have  neither  time  uor  iDolioation  to  look  op  Its  demonHtxatlon  aa  derived 
from  the  fundBinental  piiQciples  of  the  meohaniool  tlieory  of  beat  in  the  trratiBcs 
Claneiaa  or  the  text-book  of  Zennec,  we  will  endeavor  to  give  ia  the  foUowtog  as  gii 
pie  demonatration  as  possible. 

A  mass  of  air,  as  ia  well  known,  needs  a  smaller  quantity  of  beat  to  raise  its  teiu- 
peratare  bj  1°  when  we  prevent  its  expansion  than  when  it  ia  allowed  to  expand.  We 
will  denote  by  o,  the  qnantitj  of  heat  wbicb  a,  kilogram  of  sir  reqniree  in  the  tint 
case,  that  is,  when  tbe  volome  D  is  constant;  and  bj  ty  the  quantity  required  in  Die 
seoond  case,  when  the  presaarep  remains  constant,  and  eqnal  to  that  of  tbe  exterior. 

Tbe  di&reno«  between  e,  and  o,  tbe  latter  being  tbe  greater,  ariaes  from  the  iact 
that  in  tbe  ease  of  expanaioa  by  beat  there  is  also  exterior  work  performed,  wbioh 
sibte  in  tbe  pnsbiisg  back  of  the  exterior  preasare  p  throngh  the  small  opace  it,  which 
isiibe  extent  of  tbe  expansion. 

The  amonnt  of  this  work  is  pdr,  and  the  qnantlty  of  heat  which  ia  thereby 
snmed  is  i:jidt>,  where  ^  =  ^^  is  tbeeqoivalent  of  beat  for  the  unit  of  work.  Con- 
aeqaently  the  quantity  of  heat  dQ  which  is  commatiicated  to  the  mass  of  ^r  is 
divided  into  two  parts;  tbe  one  is  tbe  equivalent  of  tbe  increase  of  temperatnre  of  the 
kUogram  of  air,  the  other  Is  the  eqnivalent  of  tbe  work  of  expansion,  m  is  exprestteil 
in  the  following  eqnation : 

Tbe  combined  law  of  Mariotte  and  Gay  Lnssao  reads,  aa  ia  well  known, 

pv    _   P'l^ 
1+ot      1+^' 

where  i>=:0.0(»666  =  -~i^  is  tbe  coefficient  of  expansion  of  the  air.  If  we  divide  tlie 
denominators  of  both  members  by  a;  pat  T=S73-|-^  and  for  tbe  caaewbenf^O 
pnt  Ji  =  £l?>,  we  obtain  tbe  simplest  form  of  this  law  in  the  expreasion  pt^sBT, 
whence  follows 

pdv  +  velp  =  Bdt, 
pdv  =  Bdt  —  vdp; 
dg  =  cd(  +  |  dt-li,4p, 

iQ=(^o.+jyt-\vdp. 
Aocordint;  to  what  has  been  above  said,  tbe  diflbrenoe  <^  —  eg  is  eqnnl  to  tbe  qnaotity 
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iit  heiit  coQsamed  in  the  expansion  (a  i')  of  the  air  for  ao  elevation  of  I''  of  tempeiattire ; 

that  is, 


dQ^Cpdt—tvdp. 


!tDil  for  (^  generally  c  is  written,  there  lesnlts  the  important  eqoation  ^ven  in  the 

No.  3,  p.  33.  So  far  as  the  cliange  of  the  iDtensity  of  gravity  nlth  altitnde  cao  be 
neglected,  J  Is,  indeed,  an  abeolnte  constant;  but  the  unit  of  neigbt,  the  kllograta 
with  vhioh  we  measnre  J,  needs  a  correction  for  gravity. 

Xo.  4,  p.  24.    The  weight  P  of  dry  air  in  a  cnbio  meter  is 

1  +  at'    760   ' 
vbeie  So  is  the  specific  gravity  of  the  air,  b  is  the  barometric  presenre,  e  is  the  tension 
of  vapor.     The  weight  of  the  aqoeons  vapor  is 


The  sain  of  both  weights  gives  the  weight  of  a  cubic  meter  of  moist  air : 
PI  ^-S.      t-0.377. 

The  volnme  of  the  nnit's  weight  (kilogram)  of  this  air  is  therefore  j,-t^—  .  And  eiooe 
in  the  nnit  of  volnme(a  cubic  meter)  there  are  coDtaiDedii  kilograms  of  aqaeons  vapor, 
therefore  in  the  volame  occapied  by  a  kilogram  of  moist  air  there  is  coDtaiaed 

■„^     =  0,623  E — ^      ..  kilograms  of  aqaeons  vapor. 

Ko.  5,  p.d9.  Zenner,  in  the  second  edition  of  his  "Gmndziige  der  mechanlschen 
Warmetheorie,"  gives  a  table  of  the  values  of  ^  .  —  (Table  I  a,  column  5)  for  each  5°, 

and  computed  by  Begnault's  formula.  For  the  temperatures  that  we  here  have  to  do 
^tb,  the  fbnnnla  of  Magnus  agrees  completely  with  that  of  Regnault,  but  the  latter 
gives  a  complicated  and  inconvenient  expression  for  our  qnottent. 

No.  6,  p.  30,  I  have  given  a  slightly  different  form  to  this  equation,  and  have 
iDtiodnced  the  constants  used  throughout  this  essay.  I  consider  it  unneceBBary  to 
give  the  process  of  deduction  of  this  formula,  since  the  work  of  Eeye,  "Ueber  dieWir- 
bebtUrme,"  is  easily  acceesible  to  every  reader,  which  is  not  true  of  the  treatises  of 
William  Thomson  and  Pealin. 

No.  7,  p.  '32.  This  conclusion  is  limited  by  the  limit  of  applicability  of  tbo  Mariotte 
law  at  high  and  low  prcsauros.  Since  by  the  recent  inveatigations  of  Liljestrom  and 
others  it  is  made  probable  that  the  Mariotte  law  loses  its  rigid  exactness  at  low  presa- 
ares,  it  follows  that  we  oaght  not  to  apply  to  very  low  pressures  any  formula  that  is 
founded  upon  it.  All  theoretical  conclusions  as  to  the  height  of  the  atmosphere  and 
27  8 
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the  temperature  of  tlie  apper  strata  must  for  the  present  be  Huppressed  natil  the  be- 
havior of  gases  oiider  very  low  preesnre  has  been  suffloieotly  studied. 

Moreover,  in  an;  case,  we  must  iotrodnce  into  tho  above-mentioned  formula  the 
oorrection  for  variation  of  gravity,  if  we  would  extend  its  application  to  great  dis- 
tsnoes  from  the  earth's  surface.  We  tbos  find  a  rate  of  dimiuotion  of  temperatnre 
outward  continnally  slower  and  slower,  which,  like  the  attraction  of  the  earth, 
approaches  tbe  limiting  value  xero. 

No.  8,  p.  36.  I  have  observed,  in  the  case  of  tbe  thandorstorms  approaching  Krems- 
mllQSter  from  tbe  west,  that  their  violence  was  almost  always  less ;  indeed,  they  gen- 
erally did  not  oome  to  a  discharge  [of  ligbtningT]  if  (he  storm  began  before  tbe  cloud 
was  near  the  zenith. 

No.  "i,  p.  36.  We  do  not  here  consider  the  descending  winds  in  valleys  between 
monutains,  which,  indeed,  owe  their  origin  to  great  diOerences  of  tempei'atnre. 

So.  10,  p.  37.    Petermann's  Geog.  Mitth.,  1866,  p.  220. 

No.  11,  p.  39.  To  avoid  the  mistake  that  we  have  previously  shown  to  be  very 
widespread,  we  should  not  say  "  tbe  condensation  warms  the  air,"  bnt  "  it  diminishes 
the  cooling."  The  latent  heat  will  not  be  liberated  without  a  cooling  takes  place; 
nor  oan  it  ever  be  sufficient  to  even  compensate  for  (he  cooling  [much  less  to  over- 
compensate  and  warm  up  tbe  air]  to  a  sensibly  higher  temperature. 

No.  12,  p.  40.  Also  what  Jahncke  says  upon  the  weather  preceding  the  West  India 
hurricanes  agrees  therewith.    (Qaarterly  Jonmal  of  tbe  Met.  Soc.,  vol.  ii,  p.  89.) 

No,  13,  p.  40.  Also  the  eommer  season  has  extended  precipitations  of  similar  great 
intensity.  I  leoall,  for  instanoe,  the  Qniutermptedly  r^ny  period  of  August  15  to  19 
of  this  year  (1874),  whose  extent  and  intensity  caused  the  extraordinary  floods  in  nil 
the  rivers  of  Central  Europe.  A  barometric  minimum  preceded  this.  During  the  rain 
the  pressure  rose. 


THE  LAW  OF  THE  VAEIATION   OF  TEMPEBATUEB  IN 
ASCENDING  MOIST  OUEBENTS  OF  AIE. 

Letter  of  Prof.  Dr.  X.  Sokncke,  of  CarU-niM. 
[TianaUted  by  Clevelud  Abbe  &om  Uia  ZeitgchrlitinrMel;.,  1B7^I,  pp.S6-SS.) 

By  your  memoir  od  ascending  currents  of  air,  &c.,  published  la  the 
Zeitschrift  for  last  October  and  November,  yoa  bave,  as  it  seems  to 
me,  rendered  a  great  service  to  the  friends  of  a  gennine  scientific 
meteorology.  Sir  Wm.  Thomson's  and  Pesliu's  labors  on  this  snbject 
appear  to  bave  been  known  to  a  very  limited  extent.  Tbe;  were 
unknown  to  me,  and  are  not  even  accessible  to  me  bere  ia  Oarlsrahe. 
Especially  important  is  yonr  development  of  Peslin's  formula  for  the 
diminntioQ  of  temperature  in  tbe  ascent  of  a  saturated  current  of  air, 
for  tbe  table,  page  29,  bas  a  fundamental  importance  in  all  guestlODS 
bearing  on  tbis  point.  Under  tbese  circumstances,  it  seems  proper  that 
I  should  call  your  attention  to  a  mistake  which  has  slipped  into  the 
compQtatioD  of  tbe  table,  affecting  the  last  decimal  of  many  of  the  nam- 

bers  therein.    On  page  28  you  say,  let   ^  be  a  constant,  since  ^=D?, 
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SsCf  altbongb  it  follows  from  the  la,w  of  Mariotte  and  Gay  Lnssao  tbat 
-  has  the  value  tt-tt  as  yoa  yourself*  have  used  it,  page  23. 

Fnrthertuore,  in  tbe  deduction  of  the  formula  of  Peslin,  tUe  approxi- 
mate value  of  a,  0.623  - ,  is  used,  whereas  the  iDtrodactioa  of  its  true 

value  offers  no  diGBeulty.    Goosidering  these  two  circumstaaces,  the 
dt  , 

deduce. 

la  the  equation  tbat  applies  to  a  change  of  condition  of  any  gas, 
ET  dp 
■  J  ■  p' 

the  left-hand  side  is  0  if  dry  air  changes  its  condition  withont  addition 
ot  subtraction  of  heat.  But  if  it  is  moist  saturated  air  tbat  ascends 
withont  receiving  heat  from  the  outside,  then  we  can  use  the  preceding 
equation  by  putting  for  dQ,  not  0,  but  that  heat  which  is  liberated  by 
the  condensation  of  the  elementary  quantity  dq  of  aqueous  vapor.  Let 
tbe  specific  beat  of  moist  air  be  c';  for  moist  air  the  constant  E  can  very 
approximately  retain  unchanged  its  former  value  29.3  j  tbQ  equation 
then  becomes 


(1)  -.,.^^.it-^.^ 


=&at- 


Tbe  left-hand  member  has  the  minus  sigu,  because  it  represents  a 
positive  quantity  of  heat,  and  dq  is  a  negative  quantity,  namely,  the 
diminution  of  the  quantity  of  vapor  there  present.  To  this  we  add 
the  equation 

(2)  dp  =  p.dk, 

which  expresses  the  diminution  of  pressure  with  altitude.  In  case  tbat 
the  ascent  of  a  moist  current  in  dry  air  is  considered,  then  for  p  the 
specific  gravity  of  dry  air  is  to  be  taken,  since  in  a  narrow,  slightly 
rotating  currant  the  pressure  can  differ  only  extremely  little  from  the 
pressure  at  equal  altitude  outside. 

Since  now 


p     RTo      29.3X273' 
whereas  it  sboalil  have  beea  . 

1 
a9.Jxtl!73+0' 
where  t  ia  the  temperotare  in  Cetsias  degrees.    Since,  however,  t  is  always  email  in 
oomparlsoa  with  373,  this  aBBamption  of  To,  instead  of  T,  has  only  a  veiy  dight  influ- 
ence upon  the  lesnlt.    The  introdaction  of  an  ftpproximate  value  for  g  mateitaUy  slm- 
plifiee  tbe  numerical  oompntationa.— J.  Bank, 
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there  follows,  from  equation  2, 

P 
Fortlier,  tbe  quantity  of  vapor  q  present  in  one  kilogram  of  satarated 
air,  or 

0.023- 


1_0,377- 
P 
gives  the  equation 


«        '       '•'^        l_0.377l 
.    J' 
de      dp 


1-  0.377^ 
P 

-   ^'^  ^f  ,    *"* 

{*)  = ^  - 

1  -  (I.37J  ! 
t 

By  meaDS  of  equations  (3)  and  (4),  equation  (1)  now  becomes 

-ro      n    ie.,  ,    dh\_    .  ,,  ,  dh. 


'■WT. 


?)  =  c'dt  +  i 


This  formula  differs  from  yours  in  the  introduction  of  -wf  instead 

of  ~  and  also  by  tbe  occurrence  of  tbe  factor(  1  —  0,377  -  )  lu  both  the 
numerator  and  denominator.  If,  according  to  this  formula,  we  com- 
pute |^  for  the  case  (tz,]^2^\  we  find  |J  =  -  0.00534,   whereas 

your  table  gives  —  0.0034. 

Id  case  the  problem  concerns  the  ascent,  not  of  a  narrow  current,  bnt 
of  a  great  mass  of  air,  it  is  questionable  whether  it  is  not  more  correct 
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to  sabstitute  for  the  density  p  in  egaation  (2),  which  determines  the 
diminntioQ  of  preesnre  with  altitude,  the  specific  gravity  of  moist  air,  or 

where  j)  is  expressed  in  kilograms  per  square  meter.  By  this  at£p,  the 
only  change  in  the  preceding  equation  is  that  dh  everywhere  receives 
the  additional  factor  (  1  —  0.377- V  Therefore  in  this  case  the  dimi- 
nution of  temperature  is  that  given  by  eqnatiou  (I)  mnltiplied  by  the 
same  factor,  or, 

G4)=S0-''-|)- 

The  introduction  of  the  specific  gravity  p'  of  moist  air  instead  of  dry 
iu  this  case  is  analogous  with  the  consideration  of  the  moisture  of  the 
air  io  barometric  hypsometry,  and  means  the  ascent  of  moist  air  in  the 
midst  of  air  equally  moist,  providing  that  under  these  circumstances  an 
ascent  on  a  large  scale  actnally  occurs. 

Id  the  preceding  example  (  „~''fnaini\  we  find  by  formula  (II) 
(,^)  = -0.00532, 
or  scarcely  an  appreciably  different  resnlt. 


RAINFALL  AND  BAEOMBTEIO  MINIMA. 
Bt  Prop.  Dr.  Thbo.  Beyb. 

[TnnBlated  b;  Clsveland  ^bbe  from  the  ZellBchrift  d.  Oeat.  GeseU.  MeteorDlDgla,  1375,  i,  p.  SS-1D.] 

From  one  of  the  recent  memoirs  of  Dr.  Hann  I  perceive,  to  my  delight, 
that  in  the  most  important  points  our  views  as  to  the  cause  of  whirlwinds 
already  agree.  [Hann's  memoir  was  written  in  December,  1S74,  before 
the  publication  of  his  review  of  Ferrel'a  theories.]  We  both  recognize 
the  lateut  heat  of  tlie  condensed  vapor  as  the  moving  force  in  whirl- 
winds; this  gives  to  the  air  a  stronger  or  weaker  ascensive  force,  and 
thereby  causes  a  continuous  inflow  of  air  toward  the  rain-cloud.  Iq 
general,  I  agree  with  what  Hann  says:  "The  atmospheric  pressure  sinks 
first  when  an  extended  whirl  has  formed  in  whose  center  the  air  proba- 
bly is  rising  with  increased  vehemence."    For  I  also  am  persnaded' 

[Note  BV  the  Tbanslator. — An  there  ia  frequently  macb  confutiian  of  ideas  as  to 
the  part  pla;«d  by  aqueoiis  vapor  in  etooss,  the  translator  hopes  to  contribute  aomft- 
what  toward  clearerviewabj  adding  to  the  pTeseutcollectioD  this  paper  of  Keye's  with 
Haon's  fi>ot-not«B.] 

'See  my  "Witbelstilrme,"  page  13S. 
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that  the  rotatory  motion  coDtribntes  considerably  to  the  increaae  of  the 
central  depressioB,  and  that  only  through  it  does  the  dnration  of  the 
barometric  minima,  often  for  weelis,  become  possible ;  and  in  my  opinion 
the  fact  that  no  cyclone  has  ever  yet  been  observed  in  the  neighbor- 
hood of  the  eqaator  finds  an  equally  simple  and  sufficient  explanation 
in  the  absence  of  any  motive  toward  a  rotatory  movement. 

Only  in  one  not  nnimportant  point  do  our  views  still  difi^.  I  think:* 
."  The  ascending  current  of  air  can  only  continue  so  long  as  its  tempera- 
tore,  in  consequence  of  the  liberated  latent  heat  of  the  vapor,  exceeds 
on  the  average  that  of  the  neighboriog  air-strata.  But,  on  account  ot 
ibis  higher  temperature,  the  pressure  under  the  ascending  current  must 
be  less  than  that  on  the  twrders  of  the  cyclone."  On  the  other  hand, 
Hanu  says:  "The  condensation  of  the  atmoapherlc  aqueous  vapor  has 
no  sensible  influence  on  the  change  of  atmospheric  pressure ;  the  low 
barometer  in  the  storm-center  can,  therefore,  not  be  explained  by  pre- 
cipitation." Mohn's  theory  of  the  advance  of  cyclones  toward  their 
rainiest  side  is  therefore  reliable  or  not,  according  as  mine  or  Hann's 
view  ia  correct.' 

Hanu  establishes  his  principle  chiefly  apon  his  redaction  of  146  heavy 
raiiifalls  in  Batavia,  that  aro  recorded  ia  the  three-years'  hourly  obser- 
vations of  Br.  Bergsma.  The  barometer  rose  at  tbe  commencement, 
and  during  the  fltst  two  hours  of  the  rainfall,  on  an  avera^  about  0.3S 
millimeter,  but  fell  again  about  0.1  millimeter  within  the  two  hoars 
following  the  rain,  and  therefore,  after  the  rain,  stood  always  0^  milli- 
meter higher  than  before  it.  "  This  slight  increase  of  pressure,"  Hann 
very  correctly  thinks,  "is  a  secondary  efl'ect  of  the  condensation  of  the 
vapor;  that  is  to  say,  it  is  produced  by  tbe  cooling  of  the  lower  air- 
strata  by  the  raindrops  that  fall  down  from  higher,  colder  strata,  and 
by  the  cooling  due  to  evaporation.  Perhaps,  also,  the  concussion  of  the 
foiling  water  and  of  the  air  dragged  along  with  it  contributes  somewhat 
to  the  initial  rapid  rise  of  the  pressure." 

To  these  purely  local  observations  at  Batavia  we  can  now  oppose  a 
longer  series  of  observations,  that  embrace  an  extended  conutry,  and  lead 
to  opposite  couclnsions,  namely,  tbe  daily  observations  that  were  made 
about  1960  in  tbe  United  States  by  numerous  naval  and  Army  officers, 
and  by  163  private  individuals.  James  Espy  for  years  entered  these 
upon  synoptic  charts.  From  more  than  1,800  snch  charts  be  draws,  prin- 
cipally for  the  winter  months,  the  deflnite  conclusion:  *  "  In  all  great  and 
snddeu  depressions  of  the  barometer  there  is  much  rain  and  snow,  and 
in  all  sudden  great  rains  or  snows  there  is  a  great  depression  of  the 
barometer  near  the  center  of  the  storm  and  rise  beyond  its  borders." 

Loomis,  whom  we  also  thanfa  for  other  very  important  works  on  tor- 
nadoes and  storms,  has  lately  diacnssed  theweatber-mapsof  the  United 

'See  this  Jouiaal,  viii,  p.  177;  compare,  aleo,  m;  "Wirbelstilnue,"  p.  132. 

>  See,  oa  the  otiier  hand,  ix,  pp.  344, 345,  and  s,  p.  69. 

•Espy,  Fourth  Meteorological  Erport.     WsBhiDgtoD,  1837.    p.  10, 0«iieraliiatioii No. 9. 
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States  for  1872  and  1873  with  special  refereDce  to  storms.  The  pattaB 
of  the  storms  during  314  days  were  examiued ;  the  mean  direction  of 
their  progress  was  very  nearly  from  west  to  east.'  "One  circumstance 
seems  to  have  a  decided  influence  upon  the  modifications  of  the  storm- 
paths — this  is  the  rainfall.  Every  considerable  harometric  depression 
is  accompanied  by  rainfall,  and  the  area  over  which  the  rain  occurs 
generally  extends  mnch  ^rther  on  the  eastern  or  forward  side  of  the 
central  depression  than  on  the  western."  And  the  farther  the  rain-area 
stretches  on  the  east  side  of  the  storm,  so  much  the  more  rapidly  does 
the  storm  advance  in  this  direction.  By  separating  the  cases  in  which 
the  storm-track  had  a  direction  more  to  the  north  or  sooth,  Loomis 
further  fonnd  that  the  direction  of  the  storm-path  in  24  hours  very 
nearly  agreed  with  that  toward  which,  in  the  preceding  ei^ht  hours,  the 
rain-area  had  extended  the  farthest.  If  the  greater  axis  of  the  region 
of  rain  was  directed  toward  K  53°  E.  or  N,  118°  E.,  then  the  mean 
direction  of  the  corresponding  storm-tracks  was  N.  4(P  E.  or  N.  116°  E. 
"  The  agreement  wonld  certainly  have  been  still  gieater  if  we  eonid  have 
made  the  comparison  with  the  direction  of  the  storm -tracks  in  the  next 
S  hours  instead  of  24." 

Since  the  beginning  of  1867,  in  the  Norwegian  Meteorological  Insti- 
tute, the  most  important  meteorological  observations  at  210  European 
stations  have  been,  day  by  day,  graphically  presented  npon  a  chart.  By 
these  charts,  Mofan  establishes  the  fact  that  on  the  front  or  east  side  of 
the  storms  the  tension  of  the  vapor  and  the  quantity  of  cloudiness  in- 
creases, and  that  there  heavier  and  longer  continued  rain  or  snow  pre- 
vails; on  the  hinder  or  westetu  half,  however,  the  vapor-tension  falls, 
the  cloudiness  diminishes,  and  the  rain  is  light. 

The  barometric  minima  of  the  Torrid  Zone  are  regularly  accompanied 
by  the  heaviest  rains,  and,  according  to  Thom,"  the  condensation  of  vapoi 
stretches  much  farther  on  the  front  than  on  the  hinder  side  of  the  cyclone. 
The  island  of  Mauritius,  to  which  nnmeious  vessels  repair  after  every 
great  storm,  afforded  for  many  years  a  very  favorable  position  for  the 
study  of  tropical  whirlwinds  to  Thorn  and  to  its  meteorological  society, 
still  flourishing  under  Meldrum's  guidance.  Thorn  explicitly  says  that  no 
phenomenon  accompanies  these  storms  so  regularly  and  is  so  astonish- 
ing as  the  enormons  mass  of  water  falling  from  the  moving  masses  of 
air.  "Hundreds  of  miles  distant,  on  all  sides  of  the  whirlwind,  extends 
a  thick  stratum  of  clouds  that  pours  out  rain  in  torrents  and  nnceas- 
ingly.  This  process  continues  week  after  week,  and  is  apparently  char- 
acteristic of  a  hurricane  in  all  its  stages.  The  approach  of  such  a  storm 
can  almost  be  predicted  from  the  unbroken  layer  of  clouds  that  slowly 
covers  over  the  heavens,  at  first  at  a  great  altitude,  gradually,  however, 
descending  to  the  lower  strata  and  accompanied  by  increasing  darkness, 

'Loomis.    SeeZoitachrift,  B(l.  i,  pp.  245-351,  and  American  Journal  of  Science,  1874. 
^Tbom,  An  Inquir;  into  tbeNatnre  and  Coarse  of  Storms  in  tbe  Indian  Oc«aa,  South 
of  tlie  Eqnator.    London,  1645.    pp.  202, 206. 
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until  at  last  it  rest^  upon  tlie  eartli  and  t>egins  to  rain.  Tliese  stgiia  are 
recognizable  at  a  distance  of  200  or  300  nautical  miles  from  the  hurri- 
cane." 

These  accordant  resnlts  of  esteoded  sj8t«ms  of  meteorological  obser- 
vations iu  America,  Europe,  and  the  South  Indian  Ocean,  especially  the 
important  fact  that  the  barometric  minimum  advances  toward  the  side  of  the 
lieavier  precipitation,  plaiuly  ahow  the  appreciable  influence  of  the  con- 
densation of  the  atmospberic  aqueous  vapor  upon  the  change  of  atmos- 
pheric pressure.  Furthermore,  the  known  laws  connecting  the  tension 
and  temperature  of  aqueous  vapoT  and  of  the  atmosphere  force  ns  to 
assume  some  such  direct  influence.  Local  observations  like  those  at 
Batavia  can,  in  my  opinion,  not  prove  the  contrary,  since  they  leave  as 
entirely  iu  ignorance  as  to  the  extension  of  the  rainfoll  and  as  to  the 
simultaneous  meteorological  phenomena  of  the  surronnding  portion  of 
the  globe.  The  enormous  rainfall  of  2d  aud  3d  December,  1872,  which 
overflowed  the  whole  of  Oarinthia,  Carnatia,  Gorz,  Kortb^o  Venetia,  and 
Southern  Tyrol,  has  shown  in  what  distant  regions  many  times  we  must 
seek  the  prime  cause  of  very  heavy  and  extended  rains.''  Certainly  at 
that  time  no  one  on  the  south  flank  of  the  Alps  suspected  that  this  rain 
nas  caused  by  a  barometric  minimum  on  the  coast  of  France^  and  even 
to-day  it  would  be  inexplicable  to  ns  why  that  enormous  precipitation 
did  not  at  least  cause  a  secondary  minimum,"  unless  we  bad  an  accurate 
knowledge  of  the  confignration  and  the  atmospberic  conditions  of  half 
of  Europe. 

So  far  as  concerns  the  146  heavy  rainfalls  at  Batavia,  these  appear, 
80  far  as  concerns  their  duration  and  geographical  extension,  to  have 
had  the  characters  of  local  thunder-storms ;  for  among  them  those  of 
more  than  three  hours'  duration  were  so  infrequent  that  Hann  could  not 
give  any  average  for  the  fourth  hour  of  rain.  Now,  in  the  case  of  local 
storms,  even  when  they  are  accompanied  by  heavy  precipitation,  the 
accompanying  rarefaction  can  very  rapidly  be  restored,  because  the 
region  of  condensation  occupies  a  relatively  very  small  space  in  an  im- 
mense atmosphere.  Moreover,  the  process  of  condensation,  t.  e.,  the 
formation  of  the  storm-clouds,  begius  at  least  in  our  latitudes,  generally 
a  considerable  time  before  the  outbreak  of  the  storm ;  and  if  during  the 
subseqnent  rain  the  pressure  rises  a  little  by  reason  of  the  cooling  of 
the  lowest  stratum  of  air,  I  therein  find  nothing  contradictory  to  the 
theory.  * 

'  Compare  tbis,  Zeitsohtift,  vol.  viii,  pp.  103, 179. 

'If  a  sensible  barometric  depression  conld  be  canaed  by  ruin,  then  certainty  here 
at  least  a  secondaiy  minimnm  most  hare  been  formed  ', — J.  HlNN. 

"To  tbie  I  remark  in  brief  only  as  follows,  but  in  general  refer  to  pages  11  and  12  of 
tbis  present  Tolnme  x  [sec  the  preceding  translation  (C)  of  Hann's  reply  to  Ho&- 
mey el's  remarks]. — J.  Hann. 

In  reference  to  tbe  rains  at  Batavia,  I  have  sabmitted  tbe  heavier  short  rains  to  coni- 
patatioD,  becanse  these  must  best  represent  the  effect  of  an  ascending  current  of  ^r, 
and  becaa«e  an  examination  of  tbe  whole  series  of  observations  showed  me  at  once 
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My  own  and  Hann'a  views  as  to  the  part  played  by  aqueous  vapor 
Id  meteorological  processes  differ  from  each  other,  as  I  believe,  much 
less  than  they  appear  to  do.  I  also,  for  partly  well  recognized  reasons, 
attribute  no  special  importance  to  precisely  the  same  results  of  my  com- 
patatioQ  that  Hanri  opposes.  On  this  point  allow  me  to  make  the  fol- 
lowing remarks :  My  computations  "  On  the  Expansion  of  the  Air  of  the 
Atmosphere  in  the  Formation  of  Clouds,"  as  I  first  published  them  eleven 
years  ago  ["  On  Vertical  Cnrrents  of  Air  in  the  Atmosphere,"  Scblomilcb, 
Zeitschrift  fiir  Matbematiit  and  Physik,  1864,  Bd.  9,  pp.  250-276;  also, 
Reye,  "  Wirbelstiirme,"  Hannover,  1872],  had  for  their  immediate  object 
the  overthrow  of  Mohr's  theory  of  the  formation  of  hail.  Mohr  main- 
tained that  because  saturated  steam  has  a  mach  greater  volume  than 
the  water  from  which  it  is  formed,  therefore  by  the  condensation  of  tbe 
vapor  at  any  point  in  the  atmosphere  there  must  be  formed  an  "immense" 
dimiuation  of  volume ;  this  "  formation  of  a  vacuum  "  is,  however,  fol- 
lowed by  a  strong  indraft,  an  inrush  of  air,  especially  from  the  upper 
strata,  which  then,  by  reason  of  their  own  cold,  cause  a  new  condensa- 
tion, etc.  In  opposing  this  theory,  it  was  suflBcient  for  me  to  assume 
that  the  air  in  which  this  condensation  occurs  loses  no  heat  during  tbe 
process.  "* 

With  the  same  assumption,  at  the  end  of  the  chapter,  I  compute,  inci- 
dentally, the  quantity  of  air  that  will  be  pnsbed  ont  of  a  vertical  colnmn 
tbat  ID  no  instance,  not  even  those  of  longer  daratioo  (and  there  ocoar  maay  of  twelve 
hoan  and  over),  did  a,  sensible  inflaeoce  of  the  rain  make  itself  apparent.  The  pbe- 
uomeoaare  here  precisely  the  same  as  8;kea  j^tvesfortheDekkhan  (see  Zeitschrift,  x, 
p.  12).  There  are,  indeed,  no  data  at  hand  relative  to  the  extent  of  these  rains,  bnt  we 
know  that  at  tbe  rainy  season,  for  instance  in  January,  there  are  on  the  average  of 
seven  stations  in  the  Sunda  Islands  21,3  days,  and  there  must  be  a  tml;  wonderful 
arrangement  if  it  does  not  accasionally  rain  simultaneonsly  over  nearly  tbe  whole  Archi- 
pel^o,  the  moie  so  since  tbe  rains  occur  very  neaily  at  tbe  same  time  of  day.  And 
yet  there  is  no  distntbauce  of  the  diurnal  period  of  the  barometerl  And  what  rains 
were  those  compared  with  outs  !  On  the  10th  Janaary,  1BG7,  there  fell  in  one  hour  at 
Batavia97  milllmeterB,  that  Is  to  say,  only  3  mlUimeturslesetbatifallswithQs  in  three 
months,  from  December  to  Febrnary,  when  we  have  tbe  lowest  haiometric  pressure. 
In  this  case,  no  minimnm  occurred,  even  at  a  great  distance,  that  one  conld  quote  as  an 
excuse  for  any  decided  diminutlou  of  pressore. 

The  facts  quoted  by  Espy,  Thorn,  and  Loomis  prove  nothing  against  my  asHnmption, 
beosnae  the  inflnenoe  of  the  rain  can  only  become  prominent  in  the  ease  of  rainfalls 
without  an  accompanying  rotatory  motion  of  the  air,  but  where  there  is  no  whirl 
there  is  also  no  notable  barometric  minimum.  On  this  is  founded  tbe  indnctive  por- 
tion of  my  reasoning.  On  tbe  other  hand,  I  will  readily  allow  that  small  differences  of 
pressure  (I  have  expressly  said  "  no  notable  influence  "}  can,  perhaps,  he  brought  in 
agreement  with  the  results  of  the  observations  in  Batavia ;  tbe  land  and  sea  breezes  of 
the  tropica  show  that  quite  unnoticed  barometrio  differences  can  bring  about  very 
active  currents  of  air.  8uQh  slight  differences  of  pressure  as  these  are  quite  sufficient 
to  cause  the  continued  flow  of  air  toward  that  place  in  the  whirl  where  condenaation 
takes  place,  and  to  explain  its  continuance  jnd  the  direction  of  its  progressive  move- 
ment, as  I  have  already  indicated  on  pages  292  and  344,  vol.  is  [see  page  Vi,  $  B,  and 
page  39,  $  D,  of  the  preceding  translations  of  Hann's  articles]. — J.  Hank. 

'"  Then,  however,  no  condensation  could  occur ;  therefore,  also,  no  evolntion  of  beat 
and  no  expansion ;  and  all  further  consequences  likewise  fall  to  tbe  ground.— J.  Hunf. 
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of  atmospbere  by  the  condeusation  of  one  milUineter  of  raio ;  and,  aoder 
the  further  asBumptioD  tbat  tbis  excess  of  air  can  be  immediately 
removed,  and  is  not  replaced  at  the  earth's  surface  by  cooler  air  flowing 
la  from  the  side,  I  arrive  at  the  theoretically  not  nnlDteresting  resalt, 
that  a  barometer  nnder  sach  a  column  of  air  mast  fall  to  the  extent  of 
three-fifths  of  the  depth  of  raiu  fall.  In  all  this,  however,  I  was  per- 
fectly aware,  and  have  even  so  stated,  that  the  assnmed  conditions  do 
not  occur  in  nature.  Therefore  have  I,  also,  at  do  time,  neither  in  the 
test  of  my  book  on  '*  Wirbelstiirme"  nor  elsewhere,  referred  to  tbis 
result  of  computation,  and  readily  acknowledge  with  Hann,  who  assails 
it,  that  it  has  no  practical  importance.  Still  I  believe  as  before,  "  not- 
withstanding perhaps  this  compntation  throws  some  light  npon  the  low 
barometer  tbat  is  so  often  observed  iu  connection  with  the  revolving 
storms  that  are  accompanied  by  heavy  rain." 

In  fact,  the  assumptions  in  question  are  approximately  fulfilled  in  the 
ease  of  the  precipitations  accompanying  revolving  storms;  at  least,  far 
more  nearly  than  in  local  thunder-storms,  or  in  quiet,  nniform,  general 
rains.  Since  the  air  rises  very  rapidly  in  the  interior  of  a  whirlwind, 
therefore  it  and  the  aqneous  vapors  or  cloud-fog  that  are  carried  np  with 
it  cannot  lose  mnch  heat,  either  by  conduction  or  by  radiation  ;  at  the 
same  time,  however,  the  inflow  of  the  lower  mass  of  air  from  either  side 
is  hindered  by  the  centrifugal  force  and  the  outflow  of  the  upper  layer 
is  facilitated.  But  this  theoretical  resalt  is  not  applicable  withoat 
farther  considerations,  even  to  the  revolving  storms ;  for,  even  if  in  these 
we  have  accounted  for  the  beat  which  is  consumed  in  the  expansion 
corresponding  to  the  latent  heat  liberated  by  the  vapor,  still  there 
remains  annoticed  that  quantity  of  heat  which  is  equivalent  to  the 
living  force  of  the  whirling  mass  of  air  and  to  the  work  of  expansion 
X>erformed  in  consequence  of  the  ascension.  For  this  reason,  in  my 
theory  of  whirlwinds,  besides  the  very  complete  collection  of  observa- 
tions, I  refer  oniy  to  the  law  of  tension  of  saturated  air  and  to  the  com- 
patationa  in  reference  to  the  unstable  equilibrinm  in  the  atmosphere. 


ON  THE  RELATION  BETWEEN  THE  DIPPEBENCB  OP  PKESS- 
TJBE  AND  THE  VELOCITY  OP  THE  WIND  ACCORDING  TO 
THE  THEORIES  OF  FEREEL  AND  OOLDINti. 

By  Dr.  Julius  Hash. 

iTnualaud  b;  Clavaliuid  Abbe  from  (he  Zeltubrift  ol  the  Aastrlui  UeteorelogicHl  AMOcIatlon,  lers. 
vol.  I,  pp.8l-10fi.J 

The  historical  developments  of  scientific  theories,  like  those  of  political 
qoestious,  have  their  reactionary  periods,  which,  id  both  cases,  are  gen- 
erally called  forth  by  an  excessive  one-sided  [mrsuit  of  some  principle 
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wiiich  in  itself  may  be  correct.  One  of  the  best  examples  of  tbis  is 
fonad  in  tlie  history  of  tbe  geological  views  carrent  in  Germany  in  tbe 
conrseof  the  nineteeutb  century;  but  I  believe  that  also  the  develop- 
meat  of  tbe  theory  of  storms  can  be  considered  as  a  similar  example.  I 
will  not  here  give  a  history  of  storm  theories,  bnt  only  briefly  sketch,  so 
far  as  it  seems  important  for  my  purpose,  tbe  two  opposed  views; 
the  older,  which  is  still  found  almost  exclusively  in  our  German  text- 
books of  meteorology,  and  tbe  newer,  which,  proceeding  in  the  begin- 
ning from  America,  and  recently  from  tbe  most  northern  states  of 
Europe,  has  also  already  found  influential  supporters  in  Southeru 
Kurope. 

The  older  theory  considers  the  storm-whirl,  if  I  may  so  express  it,  as 
purely  mechanical,  arising  from  the  meeting  of  different  currents  of  air. 
The  centrifugal  force  arising  in  consequence  of  tbe  rotatory  movement 
of  the  air  was  beld  to  be  tbe  canse  of  the  low  barometric  pressure  in  the 
center  of  tbe  whirls.  We  have  lately  heard  tbis  theory  more  fully 
expounded  by  Dr.  Wittwer  in  tbis  journal  [vol.  x,  pp.  1-6].  Tbe  new 
theory,  which  I  would  designate  as  the  physical  theory,  finds  in  tbe 
formation  of  some  local  dimiuatioa  of  pressure  the  first  cause  of  an 
iaflow  of  air  from  all  sides  and  the  attendant  formation  of  a  whirl  in 
consequence  of  tbe  influence  of  the  earth's  daily  rotation.  The  baro- 
metric depression  itself  is  viewed  as  a  consequence  of  tbe  condensation  of 
the  aqueous  vapor  over  an  extensive  portion  of  the  earth's  sarface  [see 
this  journal,  vol.  vi,  pp.  209,  240,  and  vol.  viii,  pp.  109,  177]. 

As  we  perceive,  tbe  difference  between  these  views  consists,  besides 
the  diverse  explanatiou  of  tbe  origin  of  the  whirl,  also  in  this,  that  the 
older  theory  explains  tbe  differences  of  pressure  as  due  to  tbe  wind ; 
tbe  new  theory,  on  the  other  band,  deduces  the  direction  and  strength 
of  tbe  wind  as  phenomena  resulting  from  the  previously  existing  differ- 
ences of  pressure. 

Both  theories  cannot  stand  together.  It  is,  however,  not  therefore 
necessary  that  the  one  should  be  absolutely  false  and  tbe  other  thor- 
oagbly  correct.  There  may  be  in  each  correct  and  incorrect  views  min- 
gled together.    Wherefore  we  will  examine  them  in  reference  to  this. 

No  one  can  deny  that  whirls  can  arise  by  the  conjanction  of  currents  at 
an  angle  with  each  other.  Bnt  bow  in  tbis  mwiner  tbe  invariable  rota- 
tion from  right  to  left  in  the  northern  and  inversely  in  the  soatbern 
hemisphere  should  arise,  it  would  be  difBcnIt,  indeed  impossible,  to 
explain.  Still  more  difiQcult  is  it  to  explain,  according  to  this  theory, 
tbe  fact  that  the  whirl,  once  formed,  pursues  a  path  of  hundreds  of 
miles  through  tbe  atmosphere,  in  tbe  course  of  which  it  continually 
draws  new  masses  of  air  into  motion,  overcomes  a  great  amount  of  firic- 
tional  resistance  along  its  entire  path,  and  exerts  powerful  mechanical 
effects.  This  would  be  pbysically  impossible,  and  surpasses  even  tbe 
"  perpetual  motion  "  without  a  constant  accession  of  force.  It  must,  on 
the  other  band,  appear  to  every  one  as  a  pure  play  of  tbe  imagination  to 
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assume  a  perpetually  reueveil  coujuuctiou  of  ^inds  in  the  necessai? 
direction  continuonaly  along  the  whole  length  of  the  storm-path  through 
the  most  diverse  systems  of  carreuts. 

The  new  theory  of  the  origin  of  the  rotatory  movement  throagh  the 
deviating  influence  of  the  earth's  rotation  npon  the  air  currents  fiowiag 
toward  the  area  of  least  pressure  fully  explains  the  invariable  direction 
of  rotation  from  right  to  left  in  the  northern  and  fron>  left  to  right  in 
the  Bontheru  hemisphere.  It  also  satisfies  us  especially  in  that  it  pointB 
to  the  source  whence  the  whirl  when  once  formed  steadily  derives  new 
force.  To  this  end  it  utilizes  the  fact  that  every  great  whirlwind  is  ac- 
companied by  an  abundant  condensation  of  aqueous  vapor.  The  latent 
heat  liberated  by  this  condensation  causes  a  more  rapid  ascent  of  air 
over  the  whirlwind  and  thus  induces  beneath  it  an  inflow  of  the  air  from 
all  sides.  We  now  see  that  the  whirl  can  progress,  indeed,  that  it  mast 
progress  if  it  is  to  have  duration.  The  force  that  it  needs  to  overcome 
the  frictional  resistance,  to  draw  in  hitherto  quiescent  masses  of  aiT)  to  , 
bring  about  its  powerful  mechanical  effects, — this  force  is  already  stored 
up  above  In  the  atmosphere  iu  the  neighborhood  of  the  path  along  which 
it  will  pass.  It  remains  latent  until  the  approaching  storm  liberates  it. 
The  whirlwind  must  quickly  come  to  a  stand  when  it  does  not  find  saf-  i 
ficient  aqueous  vapor  in  the  atmosphere  and  at  the  same  time  has  great 
frictional  resistances  to  overcome. 

Since  in  this  way  this  newer  theory  affords  us  a  sufiQcient  physical 
reason  for  some  of  the  most  important  phenomena  observed  in  connec- 
tion with  storms,  I  have  allowed  myself  to  briefly  call  it  the  "  physical 
theory."  . 

We  must,  however,  consider  the  explanation  of  the  barometric  miDitna 
as  doe  simply  to  the  condensation  of  aqueous  vapor  as  not  to  an  equal     | 
exf^nt  satisfactory.    I  have  already  in  this  journal  sufficiently  fuhy 
expressed  my  views  as  to  the  reasons  that  necessitate  the  rejection  of  the 
view  that  by  means  of  the  condensation  of  aqueous  vapor  any  consider- 
able diminution  of  pressure  at  the  earth's  surface  can  be  produced. 
[See  vols,  viii,  p.  102,  ix,  p.  289,  and  x,  p.  11.]    A  principle  correct  in 
itself  has  been  pushed  to  extreme  coucluslons,  to  which  the  theory  gives 
no  tbundation  and  facts  afford  no  agreement.    Whoever  desires  to  see 
this  one-sided  application  pushed  to  its  extreme,  may  read  the  worlt  of 
Hopliius  "On  the  Atmospheric  Changes,"  and  Laughtou's  "Physical 
Geography."    With  many  meteorologists  at  present  the  aqueous  vapor     | 
Is  the  great  resort  in  every  time  of  need,  as  was  electricity,  under  the     ■ 
influence  of  Yolta's  ideas. 

When  one  thinks  himself  obliged  to  reject  a  theory  that  appears  to     \ 
explain  satisfactorily  one  group  of  phenomena,  he  also  to  a  certain  ex- 
tent assumes  the  duty  of  offering  a  better  ouo.     I  have,  however,  just 
as  I  was  forced  to  think  of  attempting  this  duty,  had  the  happiness     J 
to  find  that  this  is  no  longer  necessary;  that  iu  fact  other  and  better 
men  have  already  done  this. 
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I  liave  already  remarked  (vol.  x,  p.  12)  tliat  I  believe  that  the  greatest 
part  of  the  barometric  depression  in  storms  mnst  be  explained  in  some 
mechanical  way.  This  is  a  return  to  the  older  theory,  and  one  could  ia 
this  resiiect  consider  me  as  reactionary. 

It  is  remarkable  that  the  newer  theory  of  storms  no  longer  utilizes 
the  centrifugal  force,  and  that  it  entirely  overlooks  a  further  influence 
similar  to  centrifugal  force,  although  it  perfectly  recognizes  its  necessity 
in  deriving  the  direction  of  the  wind.  The  older  theory  utilized  the 
centrifugal  force  to  explain  the  diminution  of  pressure  in  the  center  of 
the  whirl ;  but  as  yet  I  have  nowhere  found,  at  least  in  German  writings, 
that  any  one  haa  shown  us,  not  even  approximately,  how  great  the  baro- 
metric difterences  resulting  from  the  centrifugal  force  of  the  rotating 
masses  of  air  can  be,  or  whether  it  suffices  to  explain  the  greater  part 
of  snch  depressions  as  occur  in  cyclones. 

It  is  here  the  place  to  promptly  say  that  one  should  never  attempt  to 
explain  all  barometric  differences  as  consequence  of  the  movement  of  the 
air.  This  extreme  is  to  be  avoided  precisely  as  is  the  other.  Our  view  is 
only  that  the  larger  part  of  the  observed  great  differences  of  atmos- 
pheric pressure  in  a  whirlwind,  or  even  iu  a  directly  progressing  current 
of  air  so  far  as  any  exist,  is  a  consequence  of  the  movement  of  the  air. 
This  latter  movement  is,  however,  itself  the  result  of  an  original  slight 
but  more  general  variation  of  pressure. 

We  have  quite  recently  heard  Beye  defend  the  view  that  a  con- 
densation of  aqueous  vapor  over  an  extended  portion  of  the  earth's 
surface  mnst  cause  a  fall  in  the  pressure  of  the  air  iu  consequence  of 
the  increase  of  temperature  that  takes  place  at  the  place  of  condensa- 
tion. From  a  theoretical  point  ot  view,  but  little  objection  can  be 
broQght  against  this  view.  But  it  is  impossible  even  to  estimate  bow 
great  the  cousequent  actual  fall  in  pressure  may  be  even  under  any  given 
circumstances;  and  since  we  know  from  observation  that  where  the  most 
rain  falls  the  irregular  variations  in  the  barometer  are  not  great  enough 
to  disturb  the  regular  diurnal  period,  whose  amplitude  in  favorable  cases 
amounts  to  3  millimeters,  therefore  we  may  conclude  that  the  induence 
under  discussion  must  have  a  less  effect  than  this.  On  the  other  hand, 
from  known  principles  of  mechanics,  we  mast  necessarily  conclude  that 
the  movement  of  the  air  once  set  up  must  of  itself  bring  about  differ* 
ences  of  pressure  that  are  ten  or  fifteen  times  greater.  We  can  there- 
fore scarcely  be  in  doubt  as  to  how  we  are  to  explain  the  great  variations 
of  pressure  observed  in  the  extra- tropical  regions. 

At  the  same  time  that  I  was  writing  out  for  this  journal  my  thoughts 
adverse  to  pushing  Espy's  theory  too  far,  Professor  William  Ferrel,  of 
Washington,  published  a  memoir  (American  Journal  of  Science,  vol. 
viii,  Nov.,  1874)  in  which  he  endeavored  to  express  mathematically  the 
variations  of  pressure  occurring  in  storms  as  aconsequeuceof  the  centri- 
fugal force  and  of  the  earth's  rotation.  In  this  memoir,  however,  he 
merely  especially  elaborates  and  accommodates  to  the  present  state  of 
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our  kuowledge  of  storms  ao  Idea  that  he  bad  already,  in  1861,  published 
in  more  general  form  in  Stllimaa's  American  Joamal  of  Science.* 

Id  reference  to  the  carrents  and  preBenres  of  the  air  in  cyclones  in  low 
latitudes,  ve  possess  an  exceUeut  mathematical  investigation  by  the 
genial  Danish  engineer  Colding,  well  known  as  one  of  the  fonnders  of 
the  mechanical  theory  of  heat.  Since,  however,  bis  work  appeared  in 
the  Danish  language,  in  the  Proceediogs  of  the  Academy  of  Gopenbagen, 
certainly  bat  few  meteorologists  outside  of  Scandinavia  will  have  become 
acquainted  with  it,  and  we  will,  therefore,  pretty  fnlly  reproduce  it  in  a 
later  number  of  this  journal.  [See  Paper  1,  which  translation  was  made 
in  1873  directly  from  the  original,  with  bat  few  corrections,  suggested  by 
a  subsequent  comparison  with  Hann's  German  veraiou. — 0.  A,]  Colding 
considers  the  tropical  cyclones  as  true  whirls,  in  which  the  air  rotates 
about  a  vertical  axis,  and  the  differences  of  pressure  from  the  center  to  the 
edge  of  the  whirl  compnted  by  him  under  this  assumption  agree  perfectly 
with  the  observed  values. 

Of  course  we  caunot  assume  that  there  exists  in  onr  whirlwinds  any 
rotation  of  the  mass  of  air  in  the  sense  that  it  several  times  or  even  once 
revolves  about  the  center:  the  air  moves  apparently  in  spiral  paths  to- 
ward the  center.  This,  however,  is  no  reason  why,  even  in  the  smallest 
portions  of  the  curved  path,  the  centrifugal  force  should  not  have  its  influ- 
ence according  to  the  prevailing  radius  vector  and  velocity-  [Buchan  is 
therefore  inerroriudenying  the  inflneace  of  centrifugal  force.  HandBoolc 
of  Meteorology,  2d  edition,  p.  281.]  The  analogous  influence  of  the  earth's 
rotation  is  to  be  added  thereto,  and  the  consequence  of  both  these  in- 
fluences is  that  the  atmospheric  pressure  at  the  earth's  surface  dimin- 
ishes toward  the  center  of  the  storm-area.  Especially  does  the  inflnence 
of  the  earth's  rotation  explain  simply  and  naturally  the  frequently  im- 
mense extension  of  the  area  of  much  diminished  pressure  in  the  higher 
latitades,  while  it  is  impossible  to  explain  barometric  minima  of  saeh 
extent  by  means  of  an  ascending  current  of  air  or  by  precipitation.f 

Id  Older  to  make  somewhat  clearer  the  inflaeuce  of  the  rotation  of  the 
earth  upon  the  origin  of  barometric  differences  in  a  mass  of  air  in  mo- 
tion, I  will  assume  a  definite  case,  and  for  simplicity  assume  a  storm- 
wind  advancing  in  a  straight  line. 

Let  ns  assume  a  southwest  storm,  extending  from  Northern  Scotland 
to  the  foot  of  the  Alps,  or  over  alKint  ten  degrees  of  latitude,  as  often 
occurs.  The  velocity  of  the  wind  at  a  short  distance  above  the  earth's 
surface  mU,  at  30  meters  per  secoud,  not  be  assumed  unasuatly  great. 

'  [Note  by  thb  Ti{*KSi-kTOR.— Bee  Bome  account  of  Ferrel's  works  in  the  note  on 
page  72.] 

t  In  referoDoe  to  this  see  R.  H.  Scott's  memoir  "  On  Recent  Progress  in  Weather  Knowl- 
edge." The  maguitode  of  the  depreeeioos  affords  an  arguiqent  against  their  being 
■imply  dae  to  the  condensation  of  vapor,  for  on  November  i^,  1869,  barometrical  i«ad- 
f  ngs  were  redaoed  to  the  extent  of  nearlj  an  Inch  from  what  they  had  been  on  the  Slst, 
over  an  areaofabont  200,000  sqnare  miles.  On  Jiuinaiy  20,  1S73,  the  deficit  of  atmos- 
pherical preesnre  amonnted  to  alMnt  -fa  of  its  total  amonnt  over  the  United  E 
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The  earth'a  rotation  will  exert  its  iufiuence  upon  this  current  of  air;  and 
□Oder  the  eimultaneous  infiuence  of  gravitation  and  the  deviation  to  the 
right  iu  consequence  of  the  rotation,  the  level  snrfacee,  or  surfaces  of 
eQual  pressure,  can  do  longer  remain  parallel  to  the  earth's  surface,  but 
mast  ascend  toward  the  southeast. 
If  we  designate  by 

n  the  angnlar  velocity  per  second  of  the  rotation  of  the  earth, 

■     ~    ^" 
"  ~  8016.4 ' 

{D,  the  geographical  latitude;  then  will 
»  ain  f  =  the  deviation  to  the  right,  or  the  apparent  turning  which  a 
moving  particle  experiences,  as  is  shown  in  elementary 
physics  J 
vnsinip  will  therefore  be  the  linear  deviation  where 

r  is  the  path  described  in  the  unit  of  time,  and  consequently 
2  V  n  sin  f<  is  the  corresponding  acceleration  [Beschkunigung]. 
If  we  designate  by 

b  the  ascent  of  the  level  surfaces  for  a  breadth  6  of  the  current 

of  air,  and  by 
g  the  acceleration  [B€Bchleunig»ng]  due  to  gravitation,  the  fol- 
lowing equation  must  then  obtain : 

? .  T  =  2  r  n  sin  y , 

or 

.       2  6 1'  n  sin  y 


From  this  equation  (which  has  already  been  previously  applied  to  the 
compntation  of  the  elevation  of  the  water  on  the  right  bank  of  our  rivers 
in  consequence  of  the  earth's  rotation,  and  which  most  also  hold  good 
for  currents  of  air)  can  be  computed  the  ascent  from  northwest  to  south- 
east of  the  level  surfaces  in  our  current  of  air.  If  we  take  for  ^  its  meau 
value  53°,  and  for  J>  1113  kilometers,  we  find 
A  =  396.5  meters. 

Therefore  the  surfaces  of  equal  pressure  are  elevated  by  396  meters 
from  Qorthwest  to  southeast,  which  corresponds  to  a  difference  of  press- 
ure of  37.7  millimeters  of  mercury.  In  our  present  case,  therefore, 
simply  in  consequence  of  the  influence  of  the  earth's  rotation  upon  the 
southwest  wind,  the  pressure  mast  diminish  by  38  millimeters  from  the 
northern  slope  of  the  Alps  to  the  northern  portion  of  Scotland.  I 
see  no  way  by  which  we  can  evade  this  conclusion.  Owing  to  the  rota- 
tion of  ike  earth,  a  current  of  air  mvat  ahcays,  in  the  northern  kemispJiere,  he 
aocompanied  bg  a  diminution  of  pressure  on  its  left  side.  But  this  diminu- 
tion of  pressure  corresponds  to  a  condition  of  equilibrium  so  long  as  the 
movement  of  the  air,  or  the  quantity  v,  remains  tbe  same.  There  are, 
therefore,  barometric  depressions  (and  so-called  barometric  gradients), 
and  very  large  ones  too,  that  are  tbe  consequences  of  air  currents  which 
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were  tbemeelves  first  produced  liy  the  depression.  The  diminntion  of 
pressare  at  the  earth's  sarface  is  iocreased  wlieu  the  air  moves  DOt  in 
rectiliDear  but  io  ctuTJliDeai'  paths,  sioce  tbeo  the  ordioary  centrifugal 
force  also  comes  into  play.  It  is  now  customary,  as  is  well  known,  to  desig- 
nate by  the  term  "  barometric  gradient,"  or  "  the  gradient,"  the  differ- 
ence of  pressure  for  a  given  amonnt  of  distance,  and  in  issaing  "  storm 
warnings"  one  deduces  the  strength  of  the  future  wind  from  the  magni- 
tude of  the  gradient.  We  have  just  shown  that  tbe  greatest  part  of  an 
observed  gradient  is  not  the  cause  hut  the  result  of  the  violence  of  the 
wind.  For  practical  storm  predictions,  however,  this  is,  of  course,  im- 
material. In  general,  the  so-called  "  Buys  Ballot's  law "  is  only  the 
shortest  expression  for  the  facts  graphically  presented  upon  the  synop- 
tic charts,  and  it  is  therefore  not  affected  by  the  vagaries  of  the  theories 
of  the  origin  of  areas  of  low  pressare. 

We  believe  we  have  now  reached  a  point  of  view  from  which  the  labors 
of  Ferrel  and  Coldiog  gain  an  increased  iuterest;  from  which  also,  at 
the  same  time,  the  limits  of  their  applicability  may  be  perceived,  and  we 
can  therefore  proceed  to  their  memoirs. 

The  title  of  Ferrel's  memoir  reads:  "Jtelation  between  the  Barometric 
Gradient  and  the  Velocity  of  the  Wind"  (Amer.  Jour.  Sei.,  vol.  viii,  1874). 
The  following  is  not  a  translation,  but  a  sort  of  working  over  of  Fer- 
rel's text.    Especially  have  we  deduced  equation  (I)  in  a  more  elementary 
way,  and  also  given  it  a  somewhat  different  form. 

When  water  has  a  motion  of  rotation  in  a  stationary  basin,  the  centri- 
fugal force  produced  by  the  rotation  causes  the  water  to  retreat  from 
the  center,  and  to  acquire  a  funnel-shaped  surface  ascending  toward  the 
edge  of  the  vessel.  In  consequence  of  this,  the  pressure  on  the  bottom 
of  the  basin  increases  from  the  center  toward  the  circumference.     If 

r  is  the  distance  from  the  center  of  the  basin. 

w  the  angular  velocity  of  the  rotation, 
then  will 

r  «*  express  the  magnitude  of  the  centrifugal  force. 
But  in  case  the  ba»iu  itself  has  also  a  rotatory  motion  in  the  same  direc- 
tion, whose  angular  velocity  we  designate  by  m,  then  will  the  expression 
for  the  magnitude  of  the  centrifugal  force  be 

r  («-  +  M)'  =  »■  (".^  -I-  2  ^  «  +  H=)  =  ro.'  +  2«,v  +  n'V, 
because  r  u  is  the  linear  velocity  of  the  movement  of  the  water  relative 
to  the  basin.  Now  the  increase  of  pressure  or  the  gradient  in  the  direc- 
tion from  the  center  toward  the  circumference  depends  on  this  quantity 
[r  u].  If,  however,  we  refer  the  gradient  to  the  surface  of  the  water 
when  at  rest  with  respect  to  the  basin,  which  latter,  however,  itself  has 
an  angular  velocity  u,  then  in  the  above  expression  we  must  omit  the 
term  r  w^,  which  depends  simply  upon  m,  and  the  expression  for  the 
centrifugal  force  becomes 

2u,v+  uv  =  (2iii  +  u)v. 


iMbiGoogIc 
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lu  tbe  case  of  a  cyclone  on  the  earth's  anrface  of  comparatively  slight  - 
extension,  and  for  which  therefore  the  enrvatnre  of  the  cartb*s  surface 
can  be  neglected,  we  have  a  phenomenon  qaite  similar  to  the  preceding. 
In  addition  to  tbe  rotatory  movement  of  a  cyclone  relative  to  the  earth's 
surface  there  is  also  to  be  considered  the  proper  motion  of  the  latter, 
one  component  of  which  corresponds  to  the  turning  of  a  disk  abont  a 
center.    In  (he  elementary  text-books  of  physics,  in  connection  with  the 
explanation  of  Pouoault's  pendulnm  experiments,  it  is  demonstrated 
that  the  m^nitade  of  this  horizontal  component  of  the  daily  rotation  is 
expressed  by  n  sin  p  for  the  latitude  50,  where  n  is  the  angular  velocity 
of  the  earth's  rotation.    We  have  therefore  iu  the  above  expression  to 
substitute  n  sin  ip  for  ai  in  order  I0  find  the  magnitude  of  the  centrifugal 
force  effective  in  a  cyclone.    Tbe  term  »^  sin^  ip  must  be  omitted  as 
before,  becanne  we  refer  the  difference  of  pressure  or  the  barometric 
gradient  to  the  elliptical  snrface  of  the  earth  and  not  to  tbe  surface  that 
would  be  if  there  were  no  rotation  about  au  axis. 
Let 
{)  —  ft'  be  tbe  difference  of  pressure,  expressed  by  the  height  of  a 
column  of  mercury,  for  a  unit  of  distance  in  the  horizontal  direc- 
tion along  the  normal  to  an  isobar  upon  the  earth's  surface  or  a 
surface  parallel  thereto,  and  let 
<t  be  the  specific  gravity  of  mercury, 
then  will  the  pressure  of  the  unit  voluTue  of  air  in  the  direction  of  tbe 
normal  and  toward  the  side  of  lower  pressure  be  equal  ia  {b  —  h')  a. 
The  pressure  in  tbe  opposite  direction  of  the  unit  of  volume  resulting 
from  the  centrifugal  force  of  the  rotating  air  is,  according  to  an  element- 
ary proposition  in  mechanics,  expressed  by 

^  Z!  -  *  r  w' 
~9  "^  ~  9    "  ' 
where 

d  is  the  specific  gravity  of  the  unit  volume  of  air, 

g  the  acceleration  of  gtavity, 

v  the  linear  velocity  of  the  air  in  its  path, 

(u  the  angular  velocity  of  the  air  in  its  path, 

r  the  radius  vector  of  the  air  in  its  path. 

In  onr  case, 

r  01*  is  (2  »  sin  7  -I-  u)  v. 
If,  therefore,  the  air  neither  approaches  nor  recedes  from  the  axis  of 
rotation,  the  following  equation  must  obtain : 

(6  —  f)  ff  =  -  {2  M  sin  ^  +  m)  e. 

If  further  we  designate  by 
JB  the  "gradient  "or  the  barometric  difference  for  a  definite  dis- 
tance I  (the  London  Meteorological  Offlce  assumes  I  =  fiO  nautical 
or  geographical  miles  =  92.76  kilometers), 


1 1,1  Google 


434         8H0BT  MEHOmS  OH  METEOROLOGICAL  SUBJECTS, 
tbeu  from  this  definition  follows 

and  by  sabstitntion  of  this  valae  we  find 

jB  _  _.  _  (2  M  sin  (8  +  m)  tJ. 
9   " 

B  be  the  barometric  pressure  at  a  given  place, 

T  the  temperature  expressed  on  the  absolnte  scale,  that  is  to  sa;, 

T  =  273°  +  *, 
then  we  have 

.  _  1  _  B^    10333 

where  10,333  kilograms  is  the  pressure  of  one  atmosphere. 

If  we  substitute  this  valne  of  d,  and  insert  the  numerical  Talaes  of 
y  =  9.806  meters  (for  ^  =  45°),  a-  =  13596  kilograms,  B  =  29.3,  then  we 
Hud 

'^^  =  287:4 '  X  t^  "  ^'°  ?  +  «)»■  (I) 

lu  this  formula,  I  is  expressed  in  meters,  B  iu  millimeters,  2  nand  u 
in  terms  of  the  radius,  v  in  meters  per  second  of  mean  timej  2  »  is  a 
constant  whose  numerical  value, 

2w  =  «m  =  0.0001458, 
86164  ' 

we  bare  not  inserted  in  the  formula  merely  for  typographic  reasons  and 

convenience. 

The  equation  (I)  represents  the  gradient  JJ5  as  a  function  of  the 
Telocity  of  the  wind  incase  that  the  air  describes  a  purely  central  move- 
meut,  and  has  therefore  no  frictional  resistance  to  overcome,  as,  also, 
that  no  new  masses  of  air  are  drawn  into  the  movement. 

We  will  now  illustrate  the  use  of  this  formula  by  two  numerical  exam- 
ples, whereby,  however,  it  must  be  remarked  that  it  is  only  as  a  first 
approximation  that  it  can  find  an  application  to  actual  conditions.  For 
numerical  computations,  our  formnia  first  acquires  a  more  convenient 
form  when  we  put  B  =  760"",  and  T  =  273°,  or  ( equal  to  0°  Oentigrade 
or  BSaumur,  which  is  always  allowable,  since  the  in&ccnracies  that  result 
from  these  assamptions  are  smaller  than  those  that  attend  the  imperfect 
theory  itself.    We  will  put  the  distance  I  equal  to  one  German  mile,  oi 

7.42  kilometers.    Finally,  if  we  consider  tbatuv  =—,  where  r  represents 

the  distance  from  the  axis  of  rotation,  then  the  formnia  becomes 

JB  =  71.876  ('o.0C0145S  sin  p . »  +  ^). 

If  we  desire  to  refer  the  gradient  ^B  (which  will  be  given  io  milli- 
meters) to  the  English  unit  of  50  nautical  miles  [instead  of  oue  Germau 
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mile],  tben  mast  the  value  given  b;  tbia  formnla  be  maltiplied  by  12.5 

lu  the  night  of  Jannary  26-27, 1874,  we  experienced  in  Vienna  the 
most  violent  stonu  (fVom  the  WNW.)  since  the  establishment  of  the 
new  anemometer.  The  maximnm  velocity  of  the  wind  attained  31 
meters  per  second  (see  this  Joarnal,  vol.  ix,  p.  62).  The  mean  velocity 
between  7  a.  m.  and  S  a.  m.  was  27.5  meters.  The  synoptic  charts  of 
Captain  HoGTmeyer  show  that  on  this  morning  an  area  of  low  presanre 
(720  millimeters)  existed  In  the  neighborhood  of  St.  Petersbarg,  and  that 
the  gradient  toward  tbia  point  was,  in  the  neighborhood  of  Vienna,  0.23 
millimeter  per  German  mile. 

If  we  pat  y  =  48°,  v  =  27.5,  and  r  =  1630  kilometers,  or  about  the  dis- 
tance of  Vienna  from  St.  Petersburg,  tben  we  find  from  the  preceding 
formula : 

JB  resulting  from  the  earth's  rotation  =  0,214 

JB  resulting  from  the  centrifugal  force  =  0.033 

Therefore  the  whole  AB  =  0.25 

We  see  clearly  fixim  this  that  even  the  imperfect  theory  affords  a  very 
approximate  value  for  the  barometric  differences.  It  further  follows  that 
the  influence  of  centrifugal  force  may  be  neglected  in  the  storms  of  our 
latitude,  which  generally  extend  over  a  very  great  extent  of  surface,  and 
in  which  the  greatest  velocity  of  the  wind  does  not  commonly  occur  in 
the  neighborhood  of  the  storm-center  (or  rather  of  the  lowest  barome- 
tric pressure).  For  comparison,  I  will  add  that  the  greatest  gradients 
known  to  me  directly  from  our  telegraphic  weather-reports  are  the  fol- 
lowing: 

1869,  November  14,  7  a.  m.— Wind  WNW.,  force  10  at  Vienna.  Gra- 
dients: from  Vienna  to  Cracow,  0.22;  Vienna  to  Iscbl,  0.28  millimeter 
per  German  mile. 

1869,  December  2,  7  a.  m. — Bora  of  hurricane  force  in  the  Gulf  of 
Trieste  and  in  the  Adriatic :  The  gradient  from  Klagenfurt  to  Fola  was 
0.31  millimeter. 

We  will  now  consider  a  tropical  whirlwind,  and  choose  that  which 
devastated  the  island  of  St.  Tbomas  on  the  2l8t  August,  1S7I.  The 
observations  show  that  at  distances  of  about  57  and  111  English  miles 
from  the  ceutral  point  of  tbe  whirlwind  the  pressures  were  respectively 
10  and  17  millimeters  higher  than  in  the  central  calm  apace,  whose  radius 
was  3.6  English  miles.  This  gives  gradients  of  0.86  millimeter  and  0.60 
millimeter  for  one  German  mile.  If  we  sabstituto  in  the  formnla  the 
numerical  values  g>  =  28°,  v  =  ZO,  r  =  57  English  miles  =  91.7  kilome- 
ters, we  find 

J£  as  the  effect  of  the  earth's  rotation  =  0.10 

AB  as  the  effect  of  the  centrifugal  force  =  0.71 

AB  the  total  of  both  influences  =  0.81 

Therefore,  a  wind-velocity  of  only  30  meters  sufiQces  to  explain  the 
observed  extraordinary  difference  of  pressure,  AB  =  0.73,  in  a  distance 
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of  57  miles.  We  further  learn  from  this  example  that  in  whirlwinds  of 
smaller  dimeoaio.AS  the  InfineDce  of  the  centrifugal  foice  many  times 
exceeds  that  of  the  earth's  rotation,  so  that  in  these  cases  the  latter,  in 
low  latitudes,  may  be  neglected  withont  great  error. 

Consequently,  in  oor  storms  [latitude  50°]  the  barometric  depressions 
are  principally  a  consequence  of  the  influence  of  the  earth's  rotation  opon 
the  moving  masses  of  air;  in  the  tropical  cyclones,  on  the  other  band, 
the  depressions  are  a  consequence  of  the  centrifugal  force. 

Professor  Loomis  has  endeavored  to  prove  that  the  centrifugal  force 
can  prodnce  no  sensible  barometric  depression.  (See  his  memoir  "  On 
Certain  Storms,  &c.,''  page  24,  Smithsonian  Contributions.)  He  compotes 
for  the  storm  of  the  25th  December,  1839,  in  Central  Europe,  that  at  a 
distance  of  400  miles  the  centrifugal  force  was,  in  round  nombers,  only 
5i?Bir  P*rt  of  gravity,  and  concludes  thence,  further,  that  therefore  the 
pressure  could,  on  that  account,  only  sink  about  the  -^Ig  =  ^JSjj  of  an 
inch.  That  this  conclusion  is  wholly  erroneous  need  scarcely  be  re- 
marked, bad  not  the  result  been  quoted  in  au  excellent  English  hand- 
book of  meteorology. 

In  nature,  the  couditioDS  are  not  so  simple  as  we  have  hitherto  intro- 
duced in  our  computations.  The  air  does  not  more  in  a  circular  orbit 
about  the  storm-center,  but  flows  toward  it  in  spiral  paths.  Ferrel 
seeks  to  introduce  this  spiral  movement,  and  also  the  frictional  resist- 
ance, into  his  computation.  We  give  in  the  following  his  presentation 
of  the  subject,  but  can,  for  several  reasons,  not  consider  it  as  correct. 

When  the  air  flows  in  toward  the  center  of  the  cyclone  (or  in  the  upper 
strata  flows  away  from  it),  we  must  in  equation  (I]  introduce  in  the 
right-hand  member  another  term,  F,  which  shall  represent  the  resistance 
to  the  movement  Similarly  the  entire  centrifugal  force  of  the  curvilin- 
ear movement  is  not  now  active,  hut  a  less  force,  whose  amonnt  we 
find  by  dividing  the  actual  velocity,  ru,  into  two  components,  one  in 
the  direction  of  the  tangent  and  the  other  perpendicular  thereto. 

If  we  indicate  by  i  the  angle  between  the  actual  direction  of  motion 
and  the  tangent,  then  will  the  first  of  these  components  be  represented 
by  r  u  cos  i,  or  v  cos  t,  and  the  centrifugal  force  depends  only  upon  this. 
We  have  therefore,  now,  as  a  new  equation  for  spiral  movements,  the 
following,  in  which  the  value  of  F  remains  still  to  be  determined : 

(I')  JB  =  rgy;j-  -ji-  Uzntan^  +  ii)v  eoBi+  F  ]• 

Acecvding  to  tlie  principle  of  the  conservation  of  areas  in  the  cftse  of 
purely  central  forces,  the  following  equations  must  obtain  in  all  parts  of 
a  cyclone: 

r*  («  sin  y  +  «)  =  Coustant ; 
and  therefore 

—  r  5m  =  2  (n  sin  v>  +  «)  dr. 

The  second  member  of  this  last  equation  is  the  expression  of  the  force 

which  would  strive  to  preserve  a  rotatory  motion  about  the  center.    In 
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case  of  the  absence  of  every  frictional  reaiatauce,  this  eotire  force  will  be 
applied  to  the  acceleration  or  retardation  of  the  rotatory  movement  of 
the  particles  of  air  according  as  tliese  are  respectively  approaching  to 
or  receding  from  the  center.  When,  however,  any  friction  exists,  this 
force  will  be  almost  exclusively  used  to  overcome  this  frictional  resist- 
ance. If,  now,  we  designate  this  frictional  resistance  by  F',  which  acts 
iu  the  direction  perpendicular  to  the  radios  along  the  portions  cos » 
of  the  path,  as  we  have  previously  designated  by  F  the  resistance 
acting  in  the  direction  of  the  radios  along  the  portion  -j^,  then  the 
following  relations  hold  good : 

F'  is  very  nearly  =  2(m  sin  ^  +v)~; 

F  ^  \d[l . 
Y'      V  cos  i ' 


'■(My- 


This  latter  expression  is  always  positive,  and  attains  its  greatest  valae 
ill  the  neighborhood  of  the  earth's  surface,  where  the  frictional  resUt- 
ance  is  the  greatest.  With  increasing  altitude,  where  only  swiftly  mov- 
ing air  robs  against  more  slowly  moving  air,  the  friction  rapidly  dimin- 
ishes, while  the  angle  t  also  approximates  to  its  limiting  value  of  zero. 

If,  now,  we  substitute  this  value  of  F  in  the  equation  (I'),  after  we 
have  previously  mol  tiplied  numerator  and  denominator  by  v  cos  i,  we  can, 
witb  slight  error,  eliminate  the  common  factor  v  cos  i  (2  n  sin  p  +  u), 
whereby  the  equation  acquires  the  following  form : 

"^^  =  5a74  ■  r  (2  »  si"  9  +  «)  ^-  cos  i 


But  since,  according  to  the  definition  of  i,  the  ratio  — :  reosi  =  tangi, 

therefore  the  definitive  expression  for  the  gradient  in  the  case  of  a 
spiral  movement  of  the  air  is  as  follows : 

(11)  Aii-J_    ?    (2wsiny  +  w)p 

'MIA'  T  ^Ti  ' 


In  i-eference  to  tliis  eqoation  (II),  we  must  make  the  following  remarks: 
first,  tbat  part  of  the  gradient  that  resnlta  from  the  term  2  n  »  sin  y  is 
really  entirely  independent  of  the  angle  i  or  of  the  direction  of  the  currents 
of  moving  air,  but  the  formula  allows  it  to  increase  with  increasing  values 
of  i,  which  must  be  incorrect.    Secondly,  the  second  term  which  lepre- 
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sents  the  inflaeoce  of  the  centrifugal  force  appears  to  be  iadependeiit 

287     T 

given  in  the  second  page  of  the  original,  =  — ^ .  „!;°f  *.^''*,  which  ia 

the  same,  excepting,  of  course,  the  constant),  but  in  oar  storms  [latihide 
5(P\  almost  the  only  term  of  influence  is  the  flrat ;  therefore  from  Ferrel's 
formula  we  should  find  too  large  a  value  for  the  gradients. 

In  the  latest  number  of  Symoo's  Meteorological  Magazine  (March, 
1870),  Stbachan  has  applied  Ferrel's  formula  (II)  to  Toynbe^s  charts  of 
the  5th  February,  1870.  These  latter  give  the  gradients  JB  as  =  0.11i 
Engliah  inch  for  each  100  miles ;  v  was  estimated  as  equal  to  56  miles 
per  hoar,  and  since  jn  =  45°,  r  =  350  miles,  i  =  45°,  therefore  the  formula 
gives  JB  =  0.320  which  is  nearly  thrice  too  large.  Bat  if  we  compute 
according  to  onr  formula  (I),  and  neglect  the  centrifugal  force,  as  is 
allowable  in  thisease,we  find  idB  =  0.156  iach.  Had  we  used  the  formula 
(F),  and  neglected  F,  it  would  have  given  JB  =  0.160  inch.  Therefore, 
iu  both  cases,  we  obtain  much  more  correct  values  than  according  to 
Ferrel's  formula  (II). 

We  give  now  iu  abstract  Ferrel's  discussion  of  foruinla  {II).  We  have 
designated  by  u  the  angular  velocity  of  the  rotating  mass  of  air.  Be- 
sides this  rotation,  however,  iu  general  there  is  also  a  movement  either 
toward  or  from  the  center  of  the  cylone;  the  former  occurs  in  the  lower 
portion,  the  latter  in  the  upper  portions  of  the  cyclone.  The  value  of  t, 
therefore,  has  opposite  signs  above  and  below,  and  somewhere  in  the 
middle  {must  entirely  disappear,  the  movement  being  assumed  purely 
circular. 

The  value  of  i  dei)ends  mostly  upon  the  friction,  but  to  a  certain 
extent  also  upon  the  inertia  of  the  mass  of  air  iu  those  cases  in  which 
the  movement  is  increasing  or  diminishing,  as  in  the  beginning  and  end- 
ing of  the  cyclone.  It  is  therefore  aluo  greatest  over  the  land  and  near 
the  earth's  surface,  and  comparatively  slight  at  sea,  and  especially  so 
in  the  upper  strata  of  the  atmosphere.  It  further  depends  on  the  geo- 
graphical latitude,  and  at  the  equator  we  have  i  =  Q(P,  for  there  can  be 
there  no  rotation,  but  the  movements  are  directly  toward  or  from  the 
center  of  a  region  of  expansion  or  condeusabion. 

The  greater  the  value  of  F  for  the  same  value  of  v,  so  much  the 
greater  will  be  dr,  and  therefore  also  i.  When  for  different  velocities 
the  friction  increases  in  proportion  to  the  velocity,  then  must  dr  increase 
in  the  same  proportion  (since  F'  —  2  (nsinif  +  u)  dr)  and  i  remains  con- 
stant for  all  velocities  as  long  as  u  can  be  neglected  in  comparison  with 
fl  sin  (D,  that  is  to  say,  for  large  distances  from  the  center.  But  nearer 
to  the  center  of  a  cyclone,  where  «  is  very  large  in  comparison  with 
n  sin  9>,  dr  is  very  small,  and,  under  the  same  circumstances,  therefore 
also  the  value  of  i.  For  all  ordinary  winds,  the  value  of  i  is  probably 
nearly  constant  for  all  velocities,  and  therefore  observations  for  a  given 
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sort  of  sncface  (land,  sea,  &c.)  suffice  to  determiDe  a  valae  of  t,  whicli 
cau  then  bo  applied  to  all  caaes  of  cyclones  of  every  degree  of  severity 
above  a  surface  of  the  same  kind. 

These  conclnsious  agree  very  well  with  the  results  of  the  luvestigatiOD 
of  Clement  Ley  into  the  inclination  of  the  wind  to  the  isobars  (see  this 
jonma],  vol.  ix,  p.  95).  The  observatioDS  at  the  English  stations  gave 
a  larger  value  of  i  iu  the  interior  of  the  country  than  on  the  Be&Kwast 
and  in  the  upper  regions  of  the  atmosphere.  Ley  ftirther  found  that 
the  inclination  was  the  greatest  for  the  ESE.  winds,  and  least  for  the 
WNW.  winds,  while  the  mean  direction  of  progress  of  the  cyclones  was 
from  SW.  to  SE.  The  inclination,  therefore,  appears  greatest  in  the 
front  portion  of  the  cyclone,  where  masses  of  air  previously  at  rest  must 
be  first  set  in  motion,  and  perhaps  this  is  a  general  law.*  It  also  agrees 
with  the  theory  that  in  the  interior  of  a  continent  the  strong  winds 
should  have  a  less  Inclination  to  the  isobars  than  the  weak  ones,  and 
that  the  inclination  is  much  more  constant  for  strong  than  foe  weak 
■winds,  for  the  strongest  winds  are  to  be  found  in  the  neighborhood  of 
the  center  of  a  cyclone  where  —  Is  large  in  comparison  with  v  n  sin  f>. 

Professor  Loomis  found  the  value  of  i  in  the  United  States  onder  north 
latitnde  about  45°  much  greater  than  Ley  found  it  for  Great  Britain 
under  north  latitude  about  5ii°.  This  agrees  in  general  with  theory. 
The  somewhat  too  rapid  increase  of  i  is,  according  to  Ferrel,  to  be 
ascribed  to  the  greater  resistance  due  to  friction  in  a  less  calttvated, 
wooded  country. 

The  trade  wind  at  a  mean  latitnde  of  2fP  gives  an  inclination  i  =  20°, 
which  is  very  much  greater  than  Ley  found  at  coast  stations  in  England. 

In  the  case  of  violent  tornadoes  and  waterspouts,  where  the  rotation 
takes  place  very  near  to  the  center  and  with  tiie  greatest  violence,  u  is 
more  important  than  n  sin  ^,  and  this  term  can  be  entirely  neglected, 
especially  in  low  latitudes.  On  the  other  baud,  iu  extensive  cyclones  and 
at  a  considerable  distance  from  the  center,  n  sin  g>  is  more  important  than 
u,  and  the  value  of  ^B  depends  principally  upou  the  effect  of  the  earth's 
rotation,  and  only  in  slight  degree  npon  the  centrifugal  force  that  is 
called  out  by  the  rotation  with  reference  to  the  earth's  surface  of  the 
mass  of  air  about  the  center. 

Id  the  center  of  a  cyclone,  the  pressure  of  the  air  must  be  a  minimum: 
therefore  JB  =  0;  whence  al^o  v  =  0;  and  a  calm  must  prevail  at  the 
center. 

In  large  cyclones,  up  to  considerable  distances  from  the  center,  JB 
attains  no  great  value,  aud  therefore  the  calm  region  must  have  a  con- 
siderable diameter.  In  many  cyclones,  the  area  of  perfect  calm  attains 
a  diameter  of  30  miles. 

In  the  outer  portion  of  a  cyclone,  the  rotation  must  necessarily  be  in 

*  Bat  Loomis  fonad  the  greater  inclination  in  tlie  rear  ia  the  American  Btoims  (see 
tliis  jonnial,  vol.  ii,  p.  S49). 
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the  opposite  direction,  and  the  component  v  coB  i  of  tbe  rotatory  more- 
ment  must  be  De^tative,  aod  tbereforo  J  Swill  be  also  negative.  At  a 
certain  distance  from  the  center  of  a  perfect  cyclone,  between  the  center 
and  the  extreme  limit,  the  pressure  wiUbeamasimnm,and  J  B  =  0.  At 
this  distance,  v  =  0,  or  calms  moat  also  prevail.  Therefore  an  area  of 
high  pressure  must,  in  general,  be  attended  by  calms.  An  easycompa- 
tation  shows  that  for  the  same  gradients  tbe  wind- velocity  most  sensibly 
diminish  toward  the  center.  Uafortunately,  tbe  obeervations  at  hand  do 
not  suffice  to  test  the  relation  between  observed  gradients  and  velocities. 

The  empirical  law  of  Buys  Ballot  is,  says  Ferrel,  tncladed  in  the  pre- 
cediag  expression  for  JB.  This  expression  is,  however,  correct  for  all 
latitades  and  inclinations  of  the  wind  to  the  center,  where  Buys  Ballot's 
law  no  longer  applies.  With  reference  to  tbe  force  or  velocity  of  the 
wind,  we  perceive  by  a  simple  inspection  of  the  formula  that  the  velocity 
ia  all  parfs  of  a  cyclone,  for  the  same  constant  geographical  latitude,  is 
not  alone  proportional  to  dB,  and,  further,  that  in  different  latitades 
tbe  value  of  v  for  the  same  gradient  is  nearly  inversely  proportional  to 
tbe  sine  of  the  latitude,  especially  at  a  considerable  distance  from  the 
center.  Hence,  also,  for  the  same  gradients  the  velocity  of  the  wind  is 
much  greater  ia  tbe  tropics  than  in  higher  latitades.  We  may  add 
that  Toynbee  (see  this  journal,  vol.  ix,  p.  79,  and  vol.  s,  p.  63)  had 
also  previoaaly  called  attention  to  this  fact,  and  Blanford  had  drawn 
the  same  conclusion  from  the  isobars  for  India.  The  form  in  which 
we  have  presented  Ferrel's  equation  further  shows  that  for  equal  wind- 
velocities  the  gradient  diminishes  also  with  the  temperature,  bnt  to  a 
very  slight  degree.  The  same  result  is  furthermore  brought  about  to 
a  very  considerable  extent  in  the  higher  regions  of  tbe  atmosphere  by  the 
diminishing  atmoBpherio  pressure,  indeed,  the  barometric  variations 
actually  do  diminish  with  the  altitude,  while  tbe  wind-velocities  do  not. 

All  irregnlar  barometric  variations  depend  almost  entirely  upon 
cyclonic  action  and  are  in  general  caused  by  the  passage  of  a  cyolono 
near  the  place  of  observation  ;  hence,  at  the  equator,  where  no  cyclone 
can  be  formed,  tbe  Irregular  barometric  variatioDS  are  scarcely  sensi- 
ble. On  this  point,  Ferrel  quotes  the  same  evidence  Avm  Sykes  and 
Humboldt,  as  given  in  Herschel's  Meteorology,  tha!;  we  have  ourselves 
reprinted  on  page  12,  volume  x,  of  this  journal.  At  tbe  equator,  no 
cyclone  can  arise;  and  therefore  in  storms  the  movement  of  the  air  at 
the  earth's  surface  is  directly  toward  the  center  of  the  area  of  dimiu- 
ished  density  of  tbe  atmosphere,  and  the  inertia  of  tbe  sir,  as  well  as  the 
friction,  both  overcome  by  the  force  that  results  from  an  almost  imper- 
ceptible gradient.  Hence,  Ferrel  also  considers  that  his  neglect  of  the 
inertia  in  the  deduction  of  bis  formula  for  the  gradient  can  in  any  case 
only  give  rise  to  a  very  slight  error.  In  a  cyclone,  tbe  force  tbatresnits 
from  tbe  gradient  is  almost  entirely  held  in  equilibrium  by  the  centrifugal 
force  that  arises  in  coosequenco  of  the  rotatory  motion  and  the  earth's 
diurnal  rotation,  and  so  great  is  the  mobility  of  the  air  and  so  slight  the 
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iofluence  of  rriction  tbat  only  a  very  small  part  of  tliat  force  (due  to 
the  gradieot)  is  applied  to  the  preservation  of  the  movement  of  the  air 
between  the  inner  and  outer  portions  of  the  cyclone. 

If  the  friction  is  proportional  to  the  first  power  of  the  velocily,  then 
it  resolta  from  the  equation  for  P,  that  the  rotatory  movement  of  the 
cyclone,  and  consequently  the  value  of  v,  is  proportional  to  the  sine  of 
the  latitude,  whence  the  entire  difiFerence  in  pressure  between  the  inner 
and  any  definite  exterior  portions  of  the  cyclones,  or  TJB,  must  be  pro- 
portional to  the  square  of  sin  ^.  Therefore,  the  mean  monthly  range  of 
the  baroiretor  must  increase  with  the  latitude,  and  nearly  in  the  ratio 
of  sin*  p.  This  also  corresponds  very  well  with  observation.  If  we  put 
the  mean  monthly  range  at  the  poles  at  1.6'°°^  =  41™™,  we  obtain  the  fol- 
lowing comparison  of  the  observed  values  (according  to  Loomia'a  Mete- 
orology) and  the  compated  values  : 

p.  =  00  30O  450  65°  78° 
Computed  range  0"""  10"""  20°"°  33"""  35"" 
Observed  range  3        10        25        34       31 

A  more  complete  agreement  is  not  to  be  expected,  since  other  matters 
come  into  consideration  besides  the  influence  of  latitude.  The  violence 
of  the  rotation  in  a  cyclone,  and  conseqaently  also  the  extent  of  the 
central  barometric  depression,  depends  to  a  very  large  extent  npon  the 
amount  of  aqueous  vapor  that  is  conveyed  into  the  cyclone,  and  this 
diminishes  from  the  equator  toward  the  poles.  On  the  other  hand,  the 
great  cyclones  that  advance  from  the  lower  to  the  higher  latitudes 
increase  steadily  in  diameter,  and  bence  the  amount  of  depression  at 
the  center  and  the  amount  of  the  barometric  oscillation  at  any  one  place 
are  always  greater  as  we  approach  the  Poles.  These  two  effects  mutually 
enfeeble  each  other  to  a  certain  extent.  In  the  slight  variation  of  3 
millimeters  at  the  equator  is  included  the  diurnal  period,  which  has 
exactly  this  amount.  In  fact,  after  eliminating  this  diurnal  period,  the 
irregular  variation  becomes  equal  to  zero,  corresponding  to  the  theory. 
We  have  here  a  complete  explanation,  which  has  hitherto  been  wanting, 
of  the  [irregular]  barometric  variations,  and  their  dependence  upon  geo- 
graphical latitude. 

These  are  the  most  important  consequences  in  reference  to  cyclones 
that  Perrel  {Amer.  Jour.  Sci.,  Kov.,  1874),  in  his  above  mentioned 
memoir,  deduces  from  his  formula  for  the  gradient.  He, however,  farther 
applies  the  same  equation  to  explain  also  the  general  distribution  of 
atmospheric  pressure  under  different  latitudes  on  the  earth's  surface. 
Wherever  in  the  atmosphere,  from  any  caase  whatever,  a  rotatory  motion 
is  set  up  over  a  large  portion  of  the  earth's  surface,  this  motion  furnishes 
a  value  of  u  and  of  v  in  the  expression  previously  given  for  AB.  The 
term  that  depends  npon  u  is,  in  such  a  case,  very  small  in  comparison 
with  that  which  depends  npon  2  n  sin  ^,  and  can  be  neglected.  Equally 
cau  f  he  put  =0,  and  therefore,  also,  t  be  put  =  ru.    A  positive  v  cor- 
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reapoQds  to  a  rotation  from  right  to  left  in  the  northeni  heoaispliere^ 
bat  the  contrarj  in  the  soattaerD  hemiaphere.  Ib  oar  hemisphere,  v, 
and  therefore  ^B,  vill  be  negative  for  a  motion  from  left  to  right;  that 
ia  to  Bay,  a  higher  pressure  prevails  in  the  center.  Ferrel  now  explains 
by  his  formula  the  diminntion  of  atmoapherio  preasare  toward  the 
poles,  in  that  he  treats  the  prevailing  easterly  movement  of  the  air  oat- 
side  of  the  tropics  as  "polar  cyclones."  In  a  similar  meaner  origiaates 
the  low  preasare  at  the  equator  and  the  high  preasare  in  the  neighbor- 
hood of  the  tropics  betweeu  the  two  great  cyclonic  movements  of  the 
atmosphere. 

We  refer  those  of  oar  readers  who  are  further  interested  ia  this  part 
of  Ferrel's  deductions,  besides  the  memoir  just  reviewed,  especially  to 
the  memoir  in  the  number  for  Janusry,  1861,  of  Sillimau's  American 
Journal,  2d  series,  vol.  xxsi,  entitled  "The  Motions  of  Fluids  and  Solids 
Bclative  to  the  ^Earth's  Surface."  We  find  therein  a  complete  theory 
of  a  new,  somewhat  complicated,  system  of  atmospheric  circulation.* 

From  this  latter,  earlier  memoir  of  Ferrel's,  we  will  here  quote  some 
additional  paragraphs  haviug  refereace  to  storms,  because  they  present 
his  views  in  reference  to  the  origin  of  storms,  which  are  scarcely  to  be 
iaferred  from  the  memoir  just  reviewed.  In  the  third  chapter,  "  The 
Motions  of  the  Atmosphere  arising  from  Local  Disturbances,"  are  found 
the  following  remarks : 

Excess  of  heat  or  increased  amount  of  aqueous  vapor  is  the  first 
canse  of  the  ascent  of  air  and  the  Infiax  from  all  sides.  The  inflowing 
air  ascends,  coodenaea  its  aq aeons  vapor,  whereby  its  ascensional  power 
ia  farther  increased,  and  from  this  cause  the  disturbance  can  continue 
for  some  time.  For  reasons  previously  given,  this  process  can,  in  the 
equatorial  regions,  give  rise  at  the  moat  to  tornadoes  only,  and  in  fact 
ICeid's  charts  show  uo  cyclone  traced  back  to  1(P  latitude,  no  typhoon 
traced  beyond  9°.  The  greater  expansloa  of  the  air  in  consequence  of 
higher  temperature  and  greater  quantity  of  vapor  must  without  doubt 
exert  an  influence  upon  the  barometric  pressure.  Ifotwithstanding  tht!>, 
that  theory  is  nuteoable  which  ascribes  all  barometric  variations  to  the 
coadensatioa  of  cyclonic  vapor,  for  according  to  it  the  variations  of 
atmospheric  pressure  would  lie  greatest  at  the  equator.  The  atmosphere 
is  exceedingly  mobile.  Every  disturbance  of  equilibrium  will  be  quickly 
restored  by  an  inflow  of  air,  provided  no  whirl  arises.  If,  therefore,  the 
earth  had  no  rotation  about  an  axis,  tbeo  would  the  non-periodical 

*  Oar  author  hse  apparently  not  bad  access  to  tbe  more  important  and  earlier  memoir 
of  Ferrel  "On  tlie  Motions  of  Fluids  and  SolidB,  &o.,"  ia  "Bookie's  Mathematical 
Monthly,"  volnmee  i,  ii,  and  iil;  Cambridge  and  New  Yorki  1357  to  1859.  These 
Yolnmea,  althongh  rare  in  Europe,  ore,  however,  still  easily  obtained  hy  American 
Btadents  from  Secer  &,  Francis,  of  Cambridge,  Mass.,  and  sbould  be  consnltod.  Copies 
of  a  subsequent  {leparate  reprint  of  this  fundamental  memoir  were  published  by  Ferrel 
in  1B60.  The  memoirs  referred  to  by  Hann  in  Silliman's  Joomal  ore  to  be  considered 
as  elementary  expositions  of  the  rigorons  equaticns  published  in  tbe  MatbemaUcal 
Monthly. — Note  added  m-  tub  Transl4Tob. 
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barometric  variations  nowhere  be  greater  than  tbey  at  present  are  at 
the  equator. 

When  the  disturbaoce  of  equihbrium  is  large, hut  only  extends  over 
a  small  area,  then  is  the  centrifagal  force  greater  than  in  tbe  case  of 
extended  cyclones.  Tbe  rotations  are  then  very  rapid  and  close  to  tbe 
center,  as  in  tornadoes.  These  occor  at  times  of  great  heat  and  calms, 
whereby  the  eqnilibrinm  in  vertical  direction  is  distarbed.  The  lower 
strata  rise  upward,  a  rapid  inflow  takes  place  from  all  sidesj  and  when 
tbe  sum  of  all  the  initial  moments  of  rotation  is  not  equal  to  zero,  which 
will  seldom  be  the  case,  then  must  the  mass  of  air  near  the  center  exe- 
cute rapid  rotations,  and  a  tornado  is  the  result.  We  can  well  represent 
this  by  the  flow  of  water  out  of  a  basin  through  a  hole  in  the  bottom. 
When,  at  the  beginning  of  the  motion,  the  fluid  is  in  perfect  rest,  the 
efflox  takes  place  without  rotation }  but  when  the  slightest  initial  rota- 
tion is  present,  then  the  outflow  is  accompanied  by  rapid  rotations. 

In  tornadoes,  which  are  always  of  small  dimensions,  the  inflnence  of 
the  earth's  rotation  upon  the  production  of  rotation  is  very  slight  in 
comparison  with  tbe  inflnence  of  the  initial  condition  of  the  atmosphere. 
Therefore  the  direction  of  the  rotatory  movement  in  a  tornado  is  some- 
times from  right  to  left,  sometimes  the  reverse.  Therefore  at  the  equa- 
tor tornadoes  can  occar,  but  no  great  cyclones.  In  these  latter,  the  initial 
condition  of  the  atmosphere  is  of  little  consequence  in  comparison  to 
the  inflnence  of  the  earth's  rotation,  and  this  latter  is  constant,  while 
the  former  is  easily  nullified  by  resistances.  Therefore  the  great  cyclones 
have  a  long  existence,  while  the  tornadoes,  depending  principally  on  the 
initial  intensity  of  their  rotation,  are  soon  brought  to  rest  by  the  resist- 
ances. 

In  consequence  of  tbe  great  centrifugal  force  near  the  center  of  a  tor- 
nado, caused  by  the  rapid  rotation,  almost  a  racnum  must  exist  there. 
When,  therefore,  a  tornado  passes  over  a  building,  the  exterior  pressure 
is  suddenly  removed,  and  the  air  within  presses  with  nearly  10,333  kilo- 
grams per  square  meter;  hence  is  produced  a  destruction  as  if  by  an 
explosion. 

The  progressive  motion  of  cyclones  can  be  explained  by  the  inequality 
of  tbe  centrifngal  forces  on  the  polar  and  equatorial  sides  of  a  cyclone. 
The  term  of  the  gradient  depending  ou  2  n  sin  ^  is  greater  on  tbe 
polar  than  on  the  equatorial  side,  while  the  other  moments  remain  the 
same.  The  cyclone,  therefore,  moves  toward  the  direction  of  the  greater 
diminution  of  pressure  or  toward  higher  latitudes.  It  is  therefore  not 
necessary  to  assume  that  a  real  transfer  takes  place  &om  the  equ>i>tor  to 
the  pole  of  the  mass  of  air  that  forms  the  cyclone.  Tbe  deviating  foree 
and  the  motions  are  greater  on  the  polar  side  of  the  cyclone,  and  on  this 
side  new  portions  of  the  atmosphere  are  continually  drawn  into  the 
movement,  since  on  this  side  n  sin  <f  is  increasing  steadily,  while  on  the 
equQitorial  side  the  motion  ceases  by  reason  of  the  frictional  resistance 
and  the  inertia  of  the  air.  Thus  the  center  of  the  cyclone  is  continually 
being  formed  anew  daring  tbe  progress  toward  higher  latitudes. 
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At  the  same  time,  the  cyclones  in  the  icgion  of  the  trade  wiods  follow 
the  general  movement  of  the  atmosphere  in  these  latitudes  tiom  east  to 
west,  and  similarly  in  the  estropical  region  they  move  from  west  to  east. 
From  the  resultants  of  the  two  constant  forces,  the  polar  tendenc;  of  the 
cyclones  and  the  infinence  of  the  prevailing  movement  of  the  atmos- 
phere, there  result  the  parabolic  paths  of  the  cyclones  or  their  recurving 
when  they  pass  from  the  trade  winds  into  the  region  of  the  west  winds. 

Thus  far  Feekel. 

The  influence  that  a  prevailing  general  current  of  air  exerts  upon  the 
progress  of  a  whirlwind  that  has  entered  into  it  evidently  consists  in 
this,  that  the  masses  of  air  drawn  into  the  whirlwind  have  to  follow  two 
impalses:  one,  that  which  is  dne  to  the  whirl;  and  the  other,  that  which 
is  due  to  their  original  movements.  Therefore,  in  the  region  of  trade 
winds  and  on  the  northwest  side  of  a  whirl,  the  motions  are  most  accel- 
erated, but  on  the  opposite  side  are  most  retarded,  and  thereby  the 
whirl  must  receive  a  tendency  to  progress  toward  the  northwest.  1 
believe  that  in  its  principal  feature  this  agrees  9IS0  with  Louuel's 
theory  of  the  recurving  of  the  paths  of  cyclones  on  their  leaving  the 
trade-wind  region  (see  this  journal,  vol.  ix,  p.  270).  The  expression, 
"Stauung  der  Lnft"  stowing  away  or  damming  up  or  bankiiig  vp  of  the 
atmosphere,  seems  to  me  also  not  well  chosen.  I  say  also,  for  one  of 
the  most  competent  authorities  in  the  study  of  the  theory  of  storms 
writes  me  in  reference  to  Lommel's  views  as  follows :  "  I  cannot  under- 
stand this  theory.  The  northeast  trade  does  not  blow  when  the  cyclone 
wind  prevails.  Therefor©  they  cannot  bank  each  other  np.  It  wonld, 
however,  be  interesting  to  know  whether  the  tropical  cyclones  have  not 
always  a  maximum  of  temperature  or  aqneous  vapor  on  their  right- 
band  or  northeast  side.  This  is  an  anomaly  in  the  distribution  of  these 
elements  in  the  tropical  regions,  but  the  cyclones,  also,  are  infrequent 
phenomena." 

It  would  certainly  be  of  the  highest  interest  to  know  the  distribution 
of  temperature  in  the  trade-wiud  region  during  a  cyclone,  for  this  wonld 
afford  an  important  teat  of  our  storm  theories.  I  believe,  however,  that 
the  author  of  the  preceding  quotation  will  find  fewer  dif&cnlties  in  my 
presentation  of  the  influence  of  a  general  atmospheric  current  upon  a 
cyclone  entering  therein.  I  do  not  think  that  everything  ia  explained 
by  this  and  by  Feehel's  "  polar  tendency,"  but  certainly  both  views 
ought  to  be  taken  into  consideration. 

[Note  nv  tue  Trasslatob.— Having,  in  ie65-'60,  had  occasion  to  personally  esplaio 
the  viena  of  Mr.  Ferrel  to  aeveral  BBtronoinerB  and  meteoTologistB  in  Earope,  and  bav- 
ing,  in  1869-70,  delivered  popular  expoiitiona  of  tlie  same  aabject  in  oonneotion  with 
the  publication  of  the  Dail;  Weather  Balletin  and  ForecBste  of  the  CiDcionati  ObaeT- 
vatory,  the  anthoT  nas  peculiarly  gratified  to  he  able  to  present  these  views  to  a  still 
larger  oiicle  by  the  pablicalion,  in  May,  1S71,  of  hia  notes  oa  the  ase  of  the  tri-duly 
leather  mnps  of  t lie  Signal  Service,  and  woold  refer  American  atndents  to  the  "  Uootbly 
Weather  Beviews  "  and  other  pnblioations  of  that  office  for  innamecable  iUostratioiiB  of 
the  application  of  Fercel'a  theory.  See  also  the  rcceotfublicatioDBof  Iiooiqjaand  Fer- 
rel.—C.  A.] 
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HEPLT  BY  ME.  FEEEEL  TO  THE  CE1TICISM8  OP  ME.  HAKN. 
[Zeit.  OMt.  Met.  GeBell.,  x,  p.  S54,  AagDst,  1875.] 

la  the  presentation  of  Ferrel's  formala  (vol.  x,  Kos.  6  and  7)  we  liave 
made  certain  objections  to  hia  metbod  of  introdncing  the  friction  tlierein, 
to  which  Mr.  Ferrel  replies  from  Washington  as  follows,  in  a  letter  of 
the  27th  April : 

"The  resistance  of  the  earth's  surface  to  the  rotatory  movement  of 
a  cyclone  can  only  be  overcome  by  the  force  that  according  to  the  prin- 
ciple of  the  conservation  of  areas  resnlts  as  soon  as  the  air  is  constantly 
drawn  by  a  centripetal  force  toward  a  center.  If  at  a  distance  of  400 
miles  from  the  center  of  a  cyclone  the  air  has  no  rotatory  movement 
relative  to  the  earth's  surface,  nevertheless,  it  still  has  a  rotatory  move- 
ment abont  the  center  of  the  cyclone  in  consequence  of  the  earth's  rota- 
tion, the  expression  for  which  is  rn  sin  ^ ;  or,  at  the  parallel  of  i5°,  a 
linear  velocity  of  abont  74  miles  per  hour.  Were  there  no  fViction,  then 
would  the  air  when  it  arrives  at  a  distance  of  100  miles  from  the  cen- 
ter hare  a  rotatory  movement  of  4  x  74  =  296  miles ;  and  if  we  now 
subtract  the  rotatory  motion  in  this  distance  due  to  the  earth's  rotation, 
that  is  to  say,  15.8  miles,  we  obtain  277.6  miles  for  the  velocity  of  rota- 
tion relative  to  the  earth's  surface,  and  perpendicular  to  the  radins. 
The  force  which  overcomes  the  inertia  and  produces  this  motion  is  ex- 
pressed by 

Now,  in  the  case  of  friction,  we  have,  instead  of  a  rotatory  movement  of 
277.5,  one,  say,  of  40  miles;  so  that  in  this  case  over  J  of  this  force  is  lost 
in  overcoming  the  friction,  and  this  gives  an  approximate  measure  of 
the  amount  of  the  friotional  resistaneea. 

"  The  Inertia,  like  the  fHction,  opposes  the  fotce  due  to  the  centripetal 
movement ;  tberefore,  its  expression  is 

and  we  thus  obtain  the  expression  for  P  as  it  is  given  at  the  bottom  of 
p.  99,  vol.  X.*  It  must  certainly  be  considered,  however,  that  this  is  only 
an  approximate  presentation  of  the  frictional  resistance,  including  the  in- 
ertia of  theflnid,in  case  there  occur  changes  in  its  velocity;  but  this  latter 
is  in  general  only  a  very  small  part  of  the  total  resistance  to  movement. 
"As  the  two  components  of  the  friction  in  the  direction  of  the  tangent 
and  of  the  radius,  we  now  have  ^ 


10  ■  F=^  :  voosi, 

and  this  gives  F,  as  at  the  bottom  of  p.  99,  vol.  z,"  as  an  appro^mate 
expression  fbr  the  effect  of  friction  in  the  direction  of  radios.    In  order 

'  See  page  62. 


446  8H0BT  MEMOIRS   Olf  HETEOBOLOOICAL  SnSJECTS. 

that  these  componeDts  may  be  overcome,  there  is  necessitated  an  in- 
crease io  the  gradient,  and  therefore,  JB  iacreaaes.  Snbstituting  the 
expression  for  F,  gives  the  defloitive  formula  for  AB  as  it  is  presented 
on  p.  100,  vol.  X,  and  which  therefore  must  be  nearly  correct,  since  the 
whole  effect  of  the  friction  npon  the  ratio  between  gradient  and  velocity 
is,  in  general,  not  very  large,  and  therefore  ft  part  of  it  can  have  only  a 
very  slight  in&nence. 

"  In  the  case  of  spiral  movement,  JB  diminishes  in  the  ratio  of  nuity  to 
cos  t}  but  since  the  expression  for  F,  as  we  have  deduced  it,  increases 
in  the  ratio  of  cos*  i  to  unity,  therefore  JB  will,  in  consequence  of  the 
friction,  increase  more  than  it  diminishes,  and  therefore  cos  i  appears 
in  the  denominator  of  equation  II. 

"  JB  will  only  be  independent  of  i  in  case  that  we  can  show  that  the 
trae  value  of  ^  is  a  function  such  that,  being  substituted  in  equation  U, 
it  causes  JB  to  increase  precisely  in  the  same  ratio  in  which  cos  i 
diminishes. 

"Theformulacannot  be  rigidly  tested  by  comparison  with  special  cases. 
For  the  determination  of  the  gradient  we  can  only  use  observations  at 
distant  places,  which  do  not  allow  the  consideration  of  the  influence  of 
numerous  local  disturbances  of  slight  extent.  However,  I  quote  here 
certain  relations  between  the  gradients  and  wind  velocities  from  Pro- 
fessor Loomis,  in  American  Journal  of  Science,  Jannary,  1875.  Each  of 
these  numbers  represents  the  mean  of  a  considerable  number  of  obser- 
vations. The  velocity  of  the  wind  is  given  in  English  miles  per  hoar; 
the  gradient  in  English  inches  of  the  barometer  per  100  miles  of  dis- 
tauce: 

Wind- velocity  observed 10        15        20        25        30        35 

Gradient  observed .086      .096      .105      .105      .124      .162 

Gradient  computed 043      .067      .092      .118      .146      J.76 

"  The  mean  inclination  of  the  wind -direction  to  the  radius  is  assumed 
at  45°,  the  mean  distance  Irom  the  center  of  the  cyclone  at  350  miles,  and 
the  mean  geographical  latitude  at  45°.  We  see  that  the  observed 
gradients,  in  a  slightly  regular  manner,  increase  with  the  velocity  of  the 
wind,  because  the  inflnence  of  abnormal  disturbances  and  of  other 
causes  are  not  completely  eliminated.  We  further  see  that  for  a  velo- 
city of  22  miles  the  theory  agrees  with  observation.  For  lower  velocities 
the  theoretical  gradient  is  too  small ;  for  larger  velocities  it  is  too  large. 
But  in  the  computation  we  have  assumed  that  %  is  constant  for  all  velo- 
cities. If  we  assume  that  for  velocities  between  10  and  35  miles  the 
value  of  i  is  respectively  60°  and  35°,  then  the  computed  a:id  observed 
values  agree  within  the  limit  of  the  probable  errors  of  the  latter.  This, 
however,  gives  a  mean  value  of  i  that  is  greater  than  40*^.  The  theory 
cannot  be  rigidly  tested  until,  by  means  of  observations,  the  connection 
between  the  wind-velocity  and  the  angle  i  is  established.  If  we  put 
cos  t  =  I,  and  thus  make  the  gradient  AB  independent  of  the  angle  i, 
then  will  all  computed  valnea  of  the  gradients  be  too  amaH." 
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SOME  EEMAEKS  CONCERNING  THE  NATITEE  OF  CURRENTS 
OF  AIR. 

BV  A.  COLDIKG. 


Mot  G«.,  ToL  I.] 

Tbese  remarks  are  based  maioly  upon  the  results  of  certain  inresti- 
gatioDS  into  the  movemeDtof  waterin  currents"  which  I  bad  thehoDor 

'  [NoTB  BY  THE  Transi^toh,  February,  lti78.— The  article  G  of  the  present  col- 
lection givea  some  idea  of  the  result«  of  Fercel's  dj>Damical  theor;  of  the  winds  aod 
cDireatB  on  a,  rotating  globe,  but  as  the  writings  of  Colding,  Pealin,  and  others  have 
considerable  merit  aa  t«iDg  the  best  that  can  be  done  with  the  porel;  kinematic  theory, 
the  translator  taliCB  pleasure  in  also  preseatiDg  their  memoirs  to  American  students, 
and  as  a  corrective  to  these  wonld  refer  to  Mr.  Ferrel's  criticisniB  in  "  Nature  "  for  1871 
and  1873,  as  weU  as  his  memoirs  of  1856,  1859,  and  1877. 

The  general  problom  of  movement  on  the  earth's  enrfoce  was  treated  of  in  an  imper- 
fect way  by  nnmerons  anthors  from  Hadley  and  Newton  to  Laplace  and  Poiason.  The 
latter  in  1837,  iu  his  memoir  on  the  movements  of  projectiles,  among  other  things, 
mentioned  the  devmtion  of  the  projectile  to  the  right  produced  by  the  rotation  of  tho 
earth,  bat  appears  to  have  overlooked  its  importance  as  a  dynamic  law  and  to  have 
derived  it  from  geometrical  or  kinetic  prinoiples. 

In  1832,  Professor  Johnson  published,  in  the  Americau  Journal  of  Science,  a  memoir 
upon  his  rotasoope.  In  1851,  Foucault  presented  to  the  Academy  of  Sciences  of  Paris 
hia  famous  peodulnm  experiments,  and  snbseqnently  his  gyroscope.  Both  these  anthors 
explained  the  phenomena  in  qnestion  on  purely  kinetio  principles,  or  on  the  presumed 
law  that  a  rotating  body  tends  to  preserve  its  axis  of  rotation,  Herenpon  followed  a 
long  discussion  in  the  Paris  Academy  (fully  reported  in  the  Comptes  Bendus,  tome 
5xxii-li,  1851-1860),  in  which  many  eminent  men  tooln  part.  Poinsot  and  others  would 
explain  the  phenoniena  by  the  purely  geometrical  laws  of  the  compoutioD  of  rotations; 
but  the  dynamics  of  the  problem  were  exposed  by  Biruet',  C.  R.,  1851,  xxxil,  pp.  1I>7  and 
IIW ;  by  Babhiet,  C.  E.,  1859,  ilix,  pp.  638,  686,  and  769 ;  Delaunay,  C.  E.,  1859,  xli,  p. 
688 ;  and  Poncelet,  C.  R.,  1860,  li,  pp.  467  and  511. 

Meanwhile  the  gyroscope  also  was  exciting  renewed  attention  in  the  United  States, 
and  an  original  and  satisfactory  investigation  of  its  phenomena  (the  first  that  I  know 
o(  based  on  correct  general  dynamical  priociples)  was  published  by  Ferrel  in  1S56  iu 
the  "  Nashville  Jonrnal  of  Medicine  and  Surgery,"  vol.  xi  (see  also  in  "Gould's  Astron. 
Jour."  and  in  "  Bunkle's  Matb.  Moathly  ").  Of  other  investigations  I  note  only  one 
(kineUc  and  not  dynamic],  by  General  J.  G.  Barnard,  in  Am.  Jonr.  Bet.  (several  papers 
from  1855  to  1859),  see  also  his  "  Problems  of  Rotary  Motion"  in  the  Smithsonian  Con- 
tributions, xix,  and  bis  article  "  Gyroscope  "  (where  fundamental  prinoiples  are  intro- 
duced) in  Johnson's  Cyclopiedia,  N.  Y.,  1877;  also,  Snell  on  th6"Ro(aflcope"  in  Ann. 
Eep.  Secretary  of  tho  Smithsonian  Inst.,  1S55. 

Mr.  Ferrel's  paper  on  the  gyroscope  was  immediately  preceded  by  his  first  essay 
(1856)  on  the  winds  and  oceanic  currents,  an  elementary  paper  published  in  the  same 
volume  of  the  Nashville  Journal.  His  more  elaborate  mathematlosl  memoir  was  fin- 
ished in  1858,  and  published  during  1859  and  1860,  aa  "  TheMotions  of  Fluids  and  Solids 
Relative  to  the  Earth's  Surface,"  in  the  Mathematical  Monthly;  separate  copies,  with 
a  few  additional  words,  were  struck  off  in  1860.  This  memoir  of  7S  pages  has  been 
farther  elaborated  into  "  Meteorological  Rcseatchee,  Part  1,"  published  by  the  United 
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to  lay  before  the  society  io  the  year  1869,  and  ^liich  may  now  be  fonnd 
among  tbe  memoirs  pnblislied  by  the  Danish  Society,  5tb  series,  vol.  9, 
part  III.  In  that  dissertation  I  showed  that  if  acurreatof  watermoves 
on  a  cylindrical  snrface  peipendlcdiar  to  its  rectilinear  elements,  the 
current  of  water  having  the  depth  S,  and  tbe  surface  of  the  cnrrent 
moving  with  the  velocity  V,  then  the  velocity  of  the  cnrrent  at  tbe 
depth  X,  beneath  the  free  sarfece  of  the  water,  may  be  represented  by 


(1) 


=  p(l- 0.433  (^y) 


FIG.  I. 


when  the  resistance  to  tho  motion  of  the  water  is  of  the  same  magnitude 
as  that  which  would  be  offered  by  an  underlying  mass  of  water  to  the 
current  running  above. 

In  the  present  ease,  wo  will  assume  the  cylindrical  snrface  in  ques- 
tion to  be  a  vertical  surface  of  revolution,  A  X  Y  B,  Fig.  1,  within  which 
the  current  of  water  moves  in  the 
direction  indicated  by  the  arrows. 
Ijet  G  Z  be  the  axis  of  the  cylin- 
der, and  a  «!  bib  be  tbe  free  sur- 
face of  tbe  current,  which  is  at 
the  distance  a  Z  =  (Ti  C  =  a  from 
the  axis,  and  at  the  distance 
A  a  =  X  «i  =  if  from  the  exte- 
rior surface  A  X  T  B,  npon  which 
the  current  rotates.  If  it  is  now 
assumed  that  tbe  free  surface 
aaihjb  rotates  with  the  velocity  x 
r  about  the  axis  C  Z,  then  any 
element  of  the  current  which  is  at  the  distance  mZ  =  mj  C  =  r  from 
the  axis,  and  at  the  distance  Wrt  =  jn|fli  =a!from  the  free  surface  of  the 
current,  as  I  have  previously  shown,  will  move  with  the  velocity  v,  as 
determined  by  formula  (1),  when  tbe  fotatittg  current  is  snrronnded  by 
an  exterior  mass  of  water  which  resists  tbe  rotation.  It  can  then  be 
further  shown  that  within  this  rotating  volume  of  water  there  is  a  funnel-' 
shaped  surface  a  aj  ft,  ^,  bounded  within  by  the  inner  cylindrical  surface 
a  a,  6,  b,  and  without  by  the  outer  cylindrical  surface  A  X  Y  B,  in  which 
the  pressnre  at  all  points  is  equal ;  but,  beside  this  level  snrface,  there 
is  an  endless  number  of  other  level  surfaces  in  the  fluid,  both  above  and 
below  the  surface  a  aj  hi  fi.    AH  these  surfaces  are,  meantime,  so  sitn- 

States  Coast  Snrvey,  1B77.  ForoiherpaperaonthisBubjectby  theHaraeanthot  see  Am. 
Jonr.  Sci.,  1861,  1874;  Nature,  1871,  iv,  p.  2S6;  1872,  v,  p.  384;  1872,  vf,  p.  432.  Oi 
additional  recent  literature  relating  to  motions  upon  the  earth  we  will  only  mention 
Hansen,  Theoiie  der  Pendelbewegnng,  1856 ;  E.  Thomson,  Kep.  B.  A.  A.  8.,  1867 ;  D. 
Vanghan,  Eep.  B.  A.  A.  8.,  1859 ;  Everett,  L.  D.  E.  Phil.  Mag.,  1871 ;  also  m  his  tiwna- 
lation  of  Desohanel's  Philosophy;  Colding,  Danske  Vid.  Skab.,  1863,1871;  Natnre, 
lri71,  V,  pp.  71,  91,  and  112 ;  Sehmidt,  VieBna  Mitt.  Geog.  Gesell.,  1677 ;  Finger,  Tiennfc 
Monatshefte,  1B77 ;  Oalclberg  and  Mohn,  Stades  sur  les  MonTemens  de  I'Atmosphire, 
Christiania,  1676;  Zeit.  Oest.  Met.  Gesell,,  1876,  1877. 
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Bted  tbat,  hs  moving  from  the  level  anrface  aaibi^  apvard  parallel  with 
tbe  axis  of  rotation  0  Z,  we  intersect  the  entire  series  of  level  surfaces 
which  is  formed  in  the  rotating  volume.  For  each  of  these  level  sur- 
faces, tbe  pressure  upon  a  unit  of  earface  is  constant ;  but  when  we  go 
from  one  level  surface  to  the  next,  the  pressure  dintiuisbea  as  we  go 
upward,  while  it  increases  as  we  go  downward  toward  the  ground 
plane  XY. 

In  order  to  prove  the  correctness  of  this  statement,  we  will  consider 
an  element  of  tbe  rotating  fluid,  which  is  at  the  distance  r  from  the 
axis  of  rotation,  aud  which  moves  with  a  Telocity  of  v.  Ifweconsider 
the  direction  C  Z  as  positive,  we  shall,  as  is  well  known,  have,  since  ^ 
indicates  tbe  pressure  upon  a  anit  of  surface  for  tbe  element  in  ques- 
tion, 


dp  =  p('-gdz+-^dr\ 


where  ^indicates  tbe  density  of  the  flnid  and  (/the  force  of  gravity.    For 

each  of  tbe  level  surfaces  of  the  fluid,  tbe  pressure  j>  is  constant,  and 

dp  =  0,  therefore 

gdz=^dr,         or        ^  =  -!^  (2) 

r  dr      g.r 

independently  of  tbe  density  p.  From  this  equation,  together  with 
equation  (I),  are  deduced,  directly,  the  above-stated  propositions  con- 
cerning the  level  snrfaces  of  the  rotating  volume  of  water.  If  the 
expression  for  tbe  current's  velocity  v,  as  given  by  equation  (1),  is  sub- 
stituted in  equation  (2),  and  this  eqnatiou  is  then  integrated  by  mailing 
r  =  a  +  x,  and,  for  the  sake  of  brevity, 

X=  [  1  _  0.188  (-^y ]  nat  log  ( 1  -1-  j) 

-  1.732  (^)^^g|+ 0.577  7|(  3  J- J) 

+  0.062.|.[(|y-^J£  +  3(jy], 
we  obtain 

!:  =  z„  +  ^.X,  (3) 

in  which  tbe  arbitrary  constant  So  represents  the  value  of  z  for  3!  =  0, 
so  tbat  formula  (3)  is  the  equation  for  any  plane  surface  in  the  rotating 
fluid." 

If  wo  now  consider  formula  (1),  which  is  applicable  to  water,  together 
with  formula  (3),  which  Is  based  upon  tbe  same,  while  formula  (2)  is  of 
general  application,  we  shall  see  tbat  in  a  rotating  volume  of  water  the 
velocity  of  the  rotation  increases  from  the  exterior  surface  of  snch  vol- 

•  Note  by  the  TsAusr-ATOn. — The  above  formnlie  neglect  tlie  infiuenoe  of  the  rota- 
tion of  the  earth,  and  are  therefore  applicable  stricMy  only  to  tornadoes  and  ems)! 
cyclones,  or  to  cyclones  within  the  tropica. — C.  A. 
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'  nme  toTrard  the  center,  but  ceases  just  at  the  inner  cylindrical  surface 
(since  the  velocity  becomes  imaginary)  for  nil  values  of  r  <  a,  to  whi6h, 
also,  according  to  (3),  correspoDd  only  imaginary  level  sur&ces.  By 
passing  crosswise  through  such  a  rotating  volume,  one  therefore  meets, 
as  is  easily  seen,  vitb  conditions  which  harmonize  with  what  is  kuowo 
concerning  hnrricaues  in  the  tropics,  since  the  velocity  of  rotation  in 
the  hurricane  increases  from  the  exterior  inward  toward  the  axis  up  to 
a  certain  distance  a  from  the  same,  where  the  harricane  reaches  ita 
greatest  violence,  but  beyond  which  even  the  most  violent  harricane 
is  thereafter  suddenly  succeeded  by  an  absolute  calm,  which  continaes 
until  one  has  passed  to  an  equally  great  distance  a  beyond  the  axis.  At  ' 
the  instant  when  that  distance  is  passed,  the  hurricane  recommences 
with  the  same  violence  as  at  the  moment  preceding  its  cessation,  but 
from  the  opposite  quarter,  and  from  this  time  forth  the  force  of  the 
hurricane  decreases  in  the  same  ratio  as  it  had  previously  increased. 
But  in  another  respect  also  a  remarkable  agreement  is  found  between 
the  rotating  volumes  of  water  under  consideration  and  the  rotating  vol> 
ume  of  air  in  a  hurricane.  It  appears,  namely,  from  formula  (3)  that 
since  the  pressure  upon  a  unit  of  surface  of  each  level  surface  is  equal 
at  all  its  points,  and  the  pressure  upon  every  point  of  the  surface  qj  oi  b,  j3, 
for  which  £«  =  0,  is  equal  to  the  pressure  at  ai  hi  in  the  ground  plane  XY, 
therefore  the  pressure  must  increase  as  we  move  over  the  ground  plane 
XY  from  the  snrlaco  Ui  h  toward  the  exterior  surface  XY  of  the  rotating 
volume.  If  we  are  at  the  arbitrary  distance  G  mi  =  r  from  the  axis  GZ, 
we  have  above  us,  beside  the  pressure  at  the  point  ai,  the  pressure  of  s 
column  of  water'of  the  height  mi  o  =  z,  and  it  is  therefore  evident  that 
the  excess  of  pressure  at  the  distance  r  =  a  +  a:  from  the  axis  above 
the  pressure  in  the  calm  space  in  the  center  of  the  rotating  volume  is 
expressed  by  the  weight  of  a  column  of  water  of  the  height  z,  as  deter- 
mined by  formula  (3). 

As  now  it  is  known,  from  the  observations  which  have  been  made  dur- 
ing the  prevalence  of  hurricanes,  that  conditions  are  met  with  in  these 
rotating  masses  of  air  which  correspond  exactly  to  those  which  I  have 
pointed  out  in  rotating  masses  of  water,  and  as,  moreover,  I  have  shown 
in  a  former  paper,  which  will  be  fonad  at  page  1  of  the  Selskabets 
Oversigter  for  Aaret  1865,  that  the  laws  of  the  movements  of  aeriform 
bodies  may  be  said,  within  the  limit  of  accuracy  with  which  the  experi- 
ments on  the  movements  of  fluids  have  hitherto  been  made,  to  be  identi- 
cal with  the  laws  which  govern  the  movements  of  liquids,  if  only  the 
diminution  of  pressure  that  occurs  is  represented  by  a  column  of  the 
fluid  under  consideration ; — I,  therefore,  believe  that  there  is  ground  for 
the  assumption  that  formula  (1)  will  hold  good  not  only  for  water,  but 
also  for  the  movement  of  gases  when  the  rotating  mass  is  surrounded 
by  an  exterior  mass  of  air  which  resists  its  rotation.  Experience  must 
decide  whether  I  am  right  or  not  in  basing  my  theory  upon  this  hypothe- 
sis.   For  the  purpose  of  examining  at  once  how  far  this  theory  of  atmos- 
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pheric  whirlwinds  harmonizes  with  nature,  I  will  compare  its  resalts  with 
the  pheoomena  that  were  observed  at  Bt.  Thomas,  August  2, 1837,  when 
the  so-called  ADtigoa  hnrricane,  which  is  described  by  ProfeBsor  Dove 
in  PoggendorS's  Annalen  der  Physik,  vol.  52,  passed  over  the  island, 
caasing  fearful  havoc  both  there  and  on  the  island  of  Forto  Bico,  which 
is  situated  at  a  distance  of  20  Danish  miles*  from  St.  Thomas.. 

The  phenomena  observed  as  prevailing  dnring  the  hurricane  were, 
according  to  Professor  Dove,  as  follows: 
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In  view  of  the  above  data,  we  may  consider  that  the  hurricane  raged 
from  the  northwest  until  the  calm  space  reached  the  island,  and  that  it 
again  suddenly  burst  forth  from  the  southeast  after  its  center  had  passed 
St.  Thomas.  The  progressive  movement  of  the  hnrricane,  which,  from 
general  experience,  we  may  consider  as  having  been  uniform  during  the 
time  of  its  passage  over  the  island,  may  therefore  be  assumed  to  have 
been  in  a  west-southwesterly  direction  toward  Porto  Kico,  If  we  now 
observe  that  in  such  a  rotating  mass  the  pressure  of  the  air  must  be 
considered  as  equal  at  all  points  that  are  equidistant  from  the  axis  of 


*  The  Danish  mile  is  eqnal  to  about  4^  English  miles. 
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rotatioD,  and  if  we  next  observe  that  at  the  time  when  the  center  of 
the  hnrricane  passed  over  St.  Thomas,  at  about  S  o'clock,  the  pressare 
«f  the  air  there  was  316  lines,  while  at  Porto  Bico  it  was  333.3  lines,  we 
shall  see  that,  at  a  distance  of  20  (Danisb)  miles  from  the  axis  of  the 
hurricane,  the  pressnre  of  the  air  was  17.3  lines  greater  than  at  the  cen- 
ter. Bat  if  we  further  consider  the  foregoing  table  of  air  pressures,  it 
will  be  seen  that,  while  the  harricane  was  approaching  St.  Thomas,  the 
pressure  of  the  air  there  was,  at  4.16  a.  m.,  equal  to  the  pressure  at  Porto 
Kico  at  S  o'clock,  and  that  this  pressure  of  the  air  was  again  reached  at 
St.  Tbomas  at  11  a.  m.,  when  the  hurricane  was  leaving  the  island.  In 
the  course  of  6§  hoars  {from  4,15  until  11  o'clock)  the  hurricane  moved 
about  40  miles  (Danish).  Its  velocity  was,  therefore,  about  6  miles  per 
hour,  and  this  agrees,  In  a  measure,  with  au  observation  made  on  the 
island  of  Porto  Kieo  at  12  o'clock,  according  to  which  the  center  of  the 
hurricane  seems  to  have  traversed  a  distance  of  20  miles  in  about  fonr 
hours. 
In  the  annexed  Figure  2, 1  have,  according  to  tbe  foregoing  table  of 

FIQ.Z. 


atmospheric  pressures,  observed  on  the  island  of  St.  Thomas  during 
the  burricaue,  reprcEented  the  time  of  observation,  expressed  in  hours, 
as  the  abscissa,  and  tbe  observed  pressure  of  the  air,  indicated  by 
the  height  of  the  mercury,  expressed  in  lines,  as  the  ordinate  to  a 
curve,  corresponding  to  the  pressures  of  the  air  prevailing  during  the 
hurricane.  By  the  aid  of  the  points  thus  designated,  I  have  subse- 
quently drawn  the  two  branches  of  the  curve  as  given,  which,  judging 
from  the  entire  series  of  observations,  may  be  considered  as  correspond- 
ing to  the  pressures  of  the  air  which  were  really  exerted  during  tbe  hur- 
ricane; and  since  I  have  commenced  with  the  lowest  pressure  (316  lines) 
tbat  was  exerted  while  the  center  of  the  hurricane  wan  passing  over  St. 
Thomas,  it  is  evident  that  the  curve  thus  constructed  may  be  compared 
with  the  previously  mentioned  curve  o  Oi  6i  /?,  fig.  1,  the  equation  of 
which,  with  rectangular  co-ordinates,  is: 

,  =  I!.X  (4, 
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As  We  have  seen  that  the  progress  of  the  hnmcaoe  ma;  be  compated 
to  have  been  equal  to  8i:s  miles  per  hoar,  I  have  divided  the  honr  into 
six  parts;  each  of  these  parts,  therefore,  corresponds  to  a  length  =  1 
mile,  and  the  given  carve  may  thns  be  considered  as  representing  the 
atmospheric  pressare  across  the  entire  mass  of  air  composing  the  hnrri- 
cane.  With  reference  to  the  curved  line  thus  constructed,  I  will  remark 
that  the  cnrve  everywhere  lies  within  the  limits  of  the  probable  error, 
since  it  is  expressly  stated  in  Professor  Dove's  description  that  the 
barometer  was  in  such  a  state  of  agitation  that  the  mercury,  at  every 
violent  gast,  suddenly  fell  two  lines,  but  rose  immediately  afterward  to 
ite  asaal  height. 

The  first  thing  that  we  now  perceive,  when  we  cast  a  glance  at  the 
two  branches  of  the  given  curve,  is  that  these  may  be  considered  as 
symmetrical  curves  with  reference  to  the  vertical  line  G  Z,  which  passed 
over  St.  Thomas  at  7''  52";  and  this  symmetry  therefore  authorizes  us 
to  consider  the  line  G  Z  as  the  axis  around  which  the  rotation  took 
place.  In  view  of  this,  we  may  assume  that  the  radius  of  the  circum- 
scribing cyliuder  of  the  calm  space  in  the  middle  of  the  hurricane  was 
a  =  0.4  boars  =  2.4  miles.  And  if  we  next  suppose  that  the  rotating 
mass  proper  extended  over  the  entire  space,  in  which  the  pressure 
decreased  proportionately  inward  toward  the  center,  and  especially 
that  the  rotating  mass  reached  ontward  to  the  point  where  the  pressure 
of  the  air  was  only  two  lines  less  than  the  normal  pressure  (336"'},  we 
may  make  the  radius  of  the  exterior  circumscribing  surface  of  the 
rotating  mass  (a  +  H)  =  4.4  hours  =  26.1  miles;  and,  as  a  conseqaence 
thereof,  the  thickness  ff  of  the  rotating  mass  =  24  miles.  During  the 
prevalence  of  the  Antigua  hurricane,  the  radius,  therefore,  of  the  space 
where  there  was  no  wind  was  a  =  0.1  R.  And  since  the  radius  of  any 
element  of  the  rotating  mass  is  designated  by  r  =  a  -^  x,  it  will  farther 
be  easy,  according  to  the  constmcted  curve,  to  determine  the  amount 
of  pressure  that  was  exerted  at  the  places  in  the  hurricane  which  cor- 
respond to  values  of  x  eqntd  successively  to 

0.1S;  CaS";  0.3.ff;  OAff;  0.5H;  0.755";  aodS. 

By  seeking  in  the  figure  the  corresponding  pressures  given  by  the 
curve  for  the  increasing  hurricane,  we  find  the  heights 

z  =  6.0;  =  X0.3;  =  13.0;  =  14.S;  =  16.0;  =  17.5;  =  18.4  Paris  lines. 

And  by  looking  for  these  pressures  in  the  curve  of  the  abating  hurri- 
cane, ve  find 

2  =  6.G;  =  lO.C;  =  13.4;  =  15.2;  =  16.2;  =  17.5;  =  18.2  Paris  lines, 
from  which  are  obtained,  as  mean  nambeis, 

z  =  6.3;  =  10.4;  =  13.2;  =  15.0;  =  16.1;  =  17.6;  =  18.3  Paris  lines. 

If  we  now  consider  the  formnla  (1),  in  which  X  has  the  value  deter- 
mined by  the  formnla  (3),  which  value  is  seen  to  be  a  real  oamber,  we 
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ma;,  in  like  manuer,  easily  compute  the  preasare  z,  corresponding  to 
the  above  given  values  of  x  and  a.    Computing  the  ralae  of  s,  we  get, 

"F*  F^  T»  ■p' 

;s  =  0.C5-!-;     =1.06Z_;     =1.33-!-;     =1.5lJ-: 

9  g  9  9 

yt  yi  p-a 

=  1.64—}     =1.83—;     =1.9l-L. 

9  3  9 

If  we  DOW  institute  a  comparison  between  the  computed  and  tlie 
observed  values  of  z,  it  becomes  evident  that  the  compated  values  stand 
in  a  coDstaot  ratio  to  the  observed  values,  as  would  be  the  ease  if  the 
tbeorj  which  Las  been  advanced  concerning  atmospheric  whirlwinds  is 
correct.  If  we  therefore  make  the  computed  valaes  of  z  equal  to  the 
corresponding  observed  pressures  z,  we  get  several  equations,  which 

may  serve  to  determine  the  constant  {  —  ]  *  aod  thus  we  obtain,  as  a 

mean  number: — =0.76  Paris  lines.  If  this  mean  value  is  sabstitnted 
9 

in  the  formula  (4)  for  — ,  it  is  easy  to  compute  the  [tressures  wbich  COT- 

respood  to  the  distances 

ar  =  0;a;  =  O.U;  =  0.25^;  0.3B";  0.4ff;  =  0.6£^;  =0.73^;  =1.0if. 

These  compated  pressures  nre  thas  found  to  be : 
z=0;  =6.34;  =10.35;  =12.98;  =14.74;  =16.01;  =17.86;  =18.64; 
while  the  above  observations  gave 
«  =  0;  =  6.3;  =10.4;  =  13.2;  =  15.0;  =  16.1;  =  17.5;  =  18.3;  Paris  lines. 

So  complete  an  agreement  is  therefore  seen  between  the  observed  and 
the  computed  pressures  at  every  place  in  the  huirioaDe  that  we  may 
draw  the  conclasioD  that  the  formula  (4)  is  correct,  aud  that  the  correct- 
ness of  the  theory  is  confirmed  by  nature.  But  if  the  theory  is  correct, 
and  we  therefore,  for  tbe  hurricane  now  under  consideration,  have  tbe 

yi 
pressure  —  =  B.76  Paris  lines  =  22.0  millimeters  of  mercury  =  710  fleet 

of  air,  it  then  further  follows  that  the  greatest  velocity  of  tbe  hnrricane 
was :  7  =  149  feet  (47.6  meters)  per  second,  or  something  near  to  the 
greatest  hnrrioane  velocity  of  which  we  have  any  knowledge,  wbich  also 
agrees  with  the  violence  with  wbich  the  Antigua  hurricane  raged. 

We  are  now  farther  able  to  determine  the  limits  of  tbe  hurricane 
proper,  a  term  which  Is  nsaally  considered  to  apply  to  winds  that  have 
velocity  of  120  to  150  or  more  feet  per  second ;  for  if  in  fonnola  (1)  we 
make  t)  =  120  feet,  and  7=149  feet,  we  find  tbe  required  distance 
X  =  0.53  U  =12.7  miles.  Tbe  hnrricane  proper  began,  therefore,  at  abont 
half  past  five  o'clock  at  a  distance  of  about  fifteen  miles  from  the  axis, 
and  ceased  at  half  past  ten  o'clock,  or  two  and  one  half  hours  after  tiie 
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Bxis  of  the  hanicaDe  bad  passed  St.  Thomas.  Id  Professor  Dove's 
paper,  the  statement  ia  made  that  the  hnnicace  began  at  fij  o'clock 
and  ceased  at  llj,  which  statement,  boweTer,  is  supposed  to  bave 
been  made  only  by  estimate;  at  all  events,  experience  in  this  matter 
seems  to  correspond  pretty  well  with  what  is  obtained  by  compatation. 
If,  in  conclnsioD,  we  seek  the  velocity  with  which  the  outer  portion  of 
the  mass  rotated,  we  find,  according  to  formula  (1],  by  therein  making 
x^H,  that  the  required  velocity  was  84.5  feet  =  37.4  meters  per  sec- 
ond, or  12.6  miles  per  honr.  If  this  velocity  is  compared  with  the  pro- 
gressive velocity  of  the  hurricane,  wbiob  we  have  found  to  be  about  6 
miles  per  honr,  it  is  seen  that  the  rotating  mass  advanced  with  a  rapid- 
ity which  was  about  half  as  great  as  its  exterior  velocity  of  rotation. 
This  circomstance  points  to  another  which  we  may  observe  when  a  cnr- 
rent  of  water  runs,  for  instance,  throngh  the  arch  of  a  bridge  into  some 
Btilt  water  below  the  bridge.  In  such  a  case,  I  have  bad  occasion  to 
observe  that,  between  the  current  and  the  still  water,  eddies  are  formed, 
which  move  forward,  as  if  rolled  by  the  passing  current  of  water  toward 
the  still  water,  and  I  bave  found  that  the  advancing  velocity  of  the 
mass  was  pretty  nearly  half  as  great  as  its  outer  velocity  of  rotation, 
which  latter  was  abont  eqnal  to  the  velocity  of  the  passing  current  of 
water. 

I  have,  nn fortunately,  not  been  able  to  Btndy  the  movement  of 
rotating  masses  of  water  more  thoroughly;  but  since  it  seems  that  tbe 
laws  governing  their  movement  harmonize  with  those  which  govero  the 
movement  of  atmospheric  whirlwinds,  I  think  that  a  careful  examina- 
tion of  rotating  masses  of  water  would,  in  all  probability,  throw  much 
light  open  the  movements  of  hnrricanes. 

Let  ns  DOW  consider  a  fluid,  water  for  ■instance,  which  is  considered  as 
rotating  QDiformly  aronnd  a  vertical  axis;  bat  let  rb  disregard  the  rota- 
Uon,  just  as  we  usnally  disregard  the  rotation  of  the  earth  with  which 
we  more.  There  will  tboo  be  an  eqnilibrinm  at  each  of  the  level 
surfaces  of  tbe  flnid,  and  each  particle  that  is  npon  sacb  a  level  sarfece 
will,  when  no  other  fbrces  disturb  the  egnilibrinm,  be  at  rest,  independ* 
ently  of  the  rotation.  If  we  now  Imagine  onrselves  to  be  sailing  in  a 
boat  npoD  tbe  ft^  snrface  of  the  water,  or  npon  any  level  parallel 
thereto,  for  instance,  npon  the  level  which  is  designated  in  Fig.  1  by  the 
letters  a  oi  6i  p,  while  the  boat  is  anpposed  to  rotate  with  the  velocity  of 
the  water,  it  is  clear  that,  since  the  level  surfaces  are  normal  to  the 
resultant  of  the  acting  forces,  we  may  sail  over  the  level  sarface  in  gnes- 
tion  just  as  easily  as  we  can  sail  upon  a  horizontal  snrface  of  still  water, 
which  is  acted  npon  only  by  the  force  of  gravity. 

If  this  is  the  ease,  and  if  we  next  consider  a  body  of  water  which, 
being  contained  in  a  reservoir,  has  a  horizontal  snrface,  npon  which  only 
the  force  of  gravity  is  nniform,  and  imagine  a  new  mass  of  water  to  be 
let  into  tbe  reservoir  at  a  oiHrtain  point,  the  pievioas  eqnilibrinm  is 
destroyed  by  the  entering  water,  and  does  not  retDm  nntil  tbe  water 


,  Cookie 


456  SHOBT  HEHOIEtS  ON   UGTEOBOLOGICAL  SUBJECTS. 

has  become  aQiformly  distribnted  nnder  a  new  borizootal  surface  liring 
somewhat  higher.  If,  on  the  contrary,  a  permaDent  stream  flows  ioto  the 
reservoir,  the  conditions  are  changed,  since  the  surface  of  the  water  does 
not  come  to  a  permanent  stand  atitil  tlie  iuflaz  and  the  efSaz  bold  each 
other  in  eqnilibriam ;  then,  however,  the  snrface  of  the  water  in  the 
reservoir,  as  well  as  every  other  level  sarfaoe,  has  a  descent  toward  tbe 
efflns,  which  descent  will  then  obtain  over  the  upper  surface  of  the 
vrhole  reservoir  when  the  latter  is  fall  to  the  brim,  and  the  point  of 
influx  is,  for  instance,  in  the  middle  of  the  bottom  of  the  reservoir.  In 
perfect  accord  with  this  also  mast  be  the  cooditiou  in  a  permanently 
rotating  flnid,  when  a  constant  influx  into  it  is  taking  place;  for  if  a 
permanent  influx  goes  on  from  without  at  any  point  of  a  rotating  mass 
of  water  or  other  liquid,  the  pressure  in  the  rotating  mass  will  be 
increased  at  all  points,  since  the  surface  of  the  water,  and,  at  the  same 
time,  all  the  parallel  level  surfaces  of  constant  preasnres,  mast  neces- 
sarily take  a  higher  stand,  and  an  inclination  to  the  original  surfaces  of 
equilibrium  corresponding  to  the  influx  from  the  point  of  influx  outward 
in  all  directions  in  which  the  flnid  can  flow  away. 

If  this  is  correct,  however,  and  we  further  consider  that  a  rotating 
mass  of  air  can  resist  the  external  atmospheric  pressure  only  when  the 
velocity  of  rotation  is  of  a  determined  magnitude,  it  will  also  be  readily 
seen,  both  that  a  great  quantity  of  air  must  flow  from  without  to  the 
rotating  mass  along  the  snrface  of  the  earth,  and  that  this  permanent 
current  of  air  must  again  flow  away  to  the  outside  in  the  direction  of 
the  level  surfaces.  When,  furthermore,  such  a  rotating  mass  of  air 
moves  over  the  surface  of  the  earth,  it  meets  with  manifold  resistances, 
which  diminish  its  velocity  of  rotation,  and  give  rise  to  those  violent 
gusts  that  are  observed  during  the  prevalence  of  hurricanes.  The 
diminution,  thus  occasioned,  of  the  velocity  of  rotation  at  the  surface  of 
the  earth,  then  gives  the  superiority  to  the  external  pressure,  and  this  pro- 
duces both  the  aforementioned  afflux  of  external  air  and  the  compression 
of  the  air  in  thelower  parts  of  the  mass,  whereby,  on  the  other  hand,  the 
air  is  again  gradually  driven  away  toward  the  exterior  along  the  level 
surfaces  in  proportion  to  its  inflow  below  toward  the  center  of  the  wbirL 

This  explains  the  screw-shaped  formation  which  is  very  often  observed 
during  the  prevalence  of  small  whirlwinds,  water-spouts,  &o.,  since  the 
mass  of  air  which  rushes  in  from  without  along  the  snrface  of  the  earth 
mnst,  while  so  rushing  in,  be  set  iuto  rotatory  motion  by  the  whirlwind. 
It  hereby  also  becomes  evident  that  in  a  whirl  the  direction  of  the  wind 
along  the  surface  of  the  earth  cannot  be  perpendicular  to  the  radius  of 
rotation,  but  on  the  contrary,  and  its  inclination  has  been  qaite  correctly 
addaced  by  some  meteorologists  as  a  proof  that  an  influx  of  air  toward 
the  axis  does  occnr  in  whirlwinds.  It  is  manifest  that  the  masses  of 
air  which  rush  in  along  the  snrface  of  the  earth  must  have,  as  is  actually 
observed  in  nature,  a  tendency  to  diminish  the  velocity  of  rotation  and 
to  increase  the  diameter  of  the  rotating  mass. 
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After  havJDg  sbowo,  as  I  bave  previously  doae,  that  the  same  laws 
that  govern  the  movemeats  of  water  id  geoeral  also  govern  the  move- 
meats  of  currents  of  air,  and,  after  having  showa  in  this  paper,  that  the 
same  laws  that  govern  the  movemeDts  of  water  in  canals  and  free  cur- 
rents in  the  sea  also  govern  the  movements  of  the  large  masses  of  air 
which  form  hurricanes,  I  consider  it  almost  as  a  necessary  consequence 
that  cnrrenta  of  water  in  the  sea  and  currents  of  air  in  the  atmosphere 
are  subject  to  the  same  natural  laws.  Basing  my  theory  henceforth 
upon  the  correctness  of  this  assnmption,  I  shall  now  endeavor  briefly  to 
point  oat  bow  tbe  great  earrents  of  air,  which  are  subject  to  the  same 
laws  as  tbe  corresponding  currents  ia  tbe  sea,  move  ia  the  atmosphere. 

Jost  as  I  endeavored,  in  my  former  paper  on  marine  currents,  to  show 
that  the  first  cause  of  those  general  currents  must  be  sought  in  the  fact 
that  the  tropical  heat,  by  warming  tbe  water  of  the  sea,  diminishes  its 
specific  gravity  to  such  an  extent  that  its  surface  is  forced  to  rise  to  a 
greater  height  in  the  tropics  than  can  be  consistent  with  the  equilibrium 
of  the  water,  thus  I  also  believe  that  it  is  proper,  generally,  to  assume 
that  tbe  main  currents  in  the  atmosphere  are  caused  by  the  fact  that 
the  air,  by  reason  of  its  diminished  density  under  the  eqnator,  is  forced 
to  rise  to  a  considerably  greater  height  tban  can  be  consistent  with 
eqailibrinm  in  respect  to  the  masses  of  air  which  are  outside  of  the 
tropical  regions.  Because  tbe  height  of  the  atmosphere  within  the  trop- 
ica is  greater  than  it  is  elsewhere,  the  level  surfaces  in  the  upper  por- 
tions of  tbe  atmosphere  of  the  northern  hemisphere  have  an  inclination 
toward  the  north,  and  since  the  air  mast  follow  the  inclination,  this 
upper  portion  of  the  atmosphere  must  move  in  a  northerly  direction  in 
the  northern  hemisphere.  In  this  manner  is  produced  an  equatorial 
oarrent  of  air,  which  is  called  the  anti-trade-wind ;  bat,  during  the  move- 
ment of  this  current  toward  the  north,  the  force  of  the  earth's  rotation 
makes  itself  felt  and  carries  the  movement  more  and  more  over  in  an 
easterly  direction.  While  the  air  under  the  equator  thus  rises  and 
rushes  away  toward  the  north  pole  and  south  pole  in  the  upper  portions 
of  the  atmosphere,  the  colder  and  heavier  masses  of  air,  impelled  by 
the  force  of  gravity,  rush  from  the  north  and  soatb  along  the  surface  of 
the  earth  toward  the  equator,  because  the  level  surfaces  in  the  lower 
portions  of  the  atmosphere  bave  an  inclioatioD  toward  the  eqnator,  since 
the  pressare  of  the  air  is  greater  oatside  of  the  tropics  than  under  the 
equator;  but  of  course  tbe  rotation  of  tbe  earth  again  exerts  its  inflaence, 
and  gradually  changes  tbe  north  wind,  which  seeks  its  way  down  toward 
the  equator,  into  a  northeasterly  wind,  which  we  call  the  northeast 
trade-wind,  and  concerning  which  I  will  here  remark  that  it  is  probably 
this  colder  current  of  air  that,  by  its  contact  with  the  asceuding  calm 
damp  masses  of  air  within  tbe  tropics,  produces  the  violent  hurricanes, 
with  their  frightful  electric  discharges  and  immense  falls  of  rain,  which 
occur  in  West  Indian  waters. 

As  tbe  upper  currents  of  air  in  tbe  atmosphere  get  beyond  the  tropics, 
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the  air  grows  heavier,  and  gradnally  (ia  the  northern  hemisphere)  breaks 
its  way  toward  the  north,  alongside  of  the  cold  currents  of  air  which 
move  toward  the  eqaator.  On  account  of  the  force  of  the  earth's  rota- 
tion, the  eqnatorial  cnrrent  of  air  thus  appears  as  a  southwesterly  wind, 
while  the  polar  cnrreut  of  air  appears  as  a  northeasterly  wind  iu  the 
northern  hemisphere;  and  thus  we  see  both  of  these  currents  are  deflected 
by  the  foree  of  the  earth's  rotation,  as  is  the  case  with  the  cnrrents  of 
the  sea.  On  both  sides  of  any  equatorial  cnrrent  there  naturally  runs  a 
polar  current  of  air  in  a  southerly  directiou,  and  on  both  sides  of  every 
polar  current  in  like  manner  an  equatorial  current  iu  a  northeasterly 
direction,  and  so  on  round  the  entire  globe. 

If  we  now  direct  onr  thoughts  to  two  of  these  neighboring  currents, 
which  move  side  by  aide  in  diametrically  opposite  directions,  and  if  we 
suppose  that  the  jwlar  current  moves  npon  the  west  side  of  the  equa- 
torial air-current  which  is  under  consideration,  it  is  evident,  from  what 
I  have  elsewhere  previously  shown  in  relation  to  the  Gulf  Stream  and 
the  polar  cnrrent  which  runs  west  of  it,  that  both  the  currents  of  air  in 
question  are  constantly  tending  to  separate  &om  each  other.  Since  they 
do  not  separate,  however,  the  consequence  is  that  while  this  tendency 
exists,  a  rarefaction  of  the  air  takes  place  between  the  two  cnrrents,  and 
in  consequence  thereof  the  pressure  of  the  air  diminishes  toward  the 
dividing  surface  between  these  cnrrents,  whereby,  at  every  point  of  the 
currents  referred  to,  precisely  that  reaction  is  caaaed  which  is  required 
for  the  preservation  of  eqnilibrinm  with  the  force  of  rotation.  From  the 
dividing  surfoce  between  the  aforesaid  currents  of  air,  the  atmospheric 
pressure  must  therefore  increase  toward  both  sides,  if  the  cnrrents  -are 
to  continae  their  course  in  their  diametrically  opposite  directions,  and 
the  increase  of  pressure  in  air-currents  for  any  .transverse  distance  I  from 
the  dividing  surface  can,  if  it  is  measured  by  a  column  of  air  =  &,  be 
computed  according  to  a  formula  previously  given,  as  applicable  to 
ocean  cnrrents,  viz :  * 

A     sin  0 sin*  lo  .v  ,„ 

^r 13750        '  <=' 

in  which  v  denotes  the  velocity  of  the  air-current  at  the  latitude  fl,  and  <o 
the  angle  which  the  direction  of  the  cnrrent  forms  with  the  east  point 
of  the  circle  of  latitude,  —  the  whole  in  accordance  with  the  formula  (70) 
in  my  dissertation  niion  marine  currente.t  What  has  been  stated  ahowa 
that  the  atmospheric  pressure  in  these  currents,  when  they  are  of  the 
same  density,  mnst  diminish  toward  the  common  dividing  surfoce  of  the 
■  Note  bt  tbe  Tbamslatob. — This  foimala  should  have  been 

aa  has  b««D  pointed  oat  by  Ferrel  and  Eann.    ColdlDg'a  erroT  rwoltad  from  having 
conaidered  bnt  aportion  of  the  eff«ot  of  the  earth's  rotation — an  ettoi  that  also  pervades 
hiB  elaborate  memoir  on  ocean  onnente.    See  Ferrel  in  "Natnte,"  1371,  it,  p.  386,  and 
lers,  y,  p.  384. 
t[ADabatTact  of  this  memoir  Is  given  in  ''yatnre,"  vol.  v,  p.  7t  et  Mg.— C.  A.] 
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CDireDts,  aud  that  the  level  sarfaces  of  these  cnrreuts  must  neceasarily 
have  an  iuelinatioD  toward  the  common  bouudary,  quite  in  accordance  . 
with  what  takes  place  in  mariDe  cnrrenta  ;  hence  it  I'arther  follows  that 
since  the  magnitude  of  the  gap  formed  between  the  level  eurfaoes  of 
the  two  carrents  ia  dependent  upon  the  velocity  of  these  currents,  any 
chance  stoppage  of  one  of  these  cunrcDts  will  canse  it  to  impinge  against 
the  other,  either  irom  the  KW.  or  the  SE.,  thus  producing  an  eddy 
which  moves  "  against  the  snn."  It  is  evident  that  so  long  as  the  cur- 
rent in  question  continues  its  motion,  the  force  of  the  earth's  rotation 
maintains  equilibrinm  with  that  force  which  corresponds  to  the  inclina- 
tion of  the  level  surfaces  toward  the  dividing  sarface  between  the  two 
currents ;  bnt,  aa  soon  as  the  motion  is  diminished,  the  force  of  gravity 
gets  the  npper  hand,  and  an  eddying  movement  is  inevitable.  It  mast 
DOW  be  considered,  however,  that  the  density  is  usually  different  for  the 
two  currents  under  consideration,  since  the  polar  air-current  is  generally 
of  greater  specific  gravity  than  the  equatorial  current,  and  the  relation 
between  the  two  air-currents  is  therefore,  in  all  respects,  quite  in 
harmony  with  the  relation  which  I  have  pointed  out  between  the  Gulf 
Stream  aod  the  polar  current  along  the  coast  of  America.  Since,  namely, 
the  pressure  in  the  upper  part  of  the  atmosphere  for  the  two  currents 
cannot  be  very  different,  the  pressure  in  the  lower  part  of  the  atmos- 
phere must  be  different  for  air-currents  of  different  specific  gravities; 
and  since  two  essentially  different  pressures  cannot  exist  by  the  side  of 
each  other,  the  consequence  is  that  the  current  having  the  greater  spe- 
cific gravity  must  flow  sidewise  into  the  current  having  the  less  specific 
gravity,  in  proportion  to  the  excess  of  pressure.  Since  now,  as  has  been 
said,  the  polar  current  usually  has  the  greater  specific  gravity  of  the 
two  currents,  it  follows  that,  in  proportion  to  the  excess  of  pressure  of 
the  polar  current  above  the  equatorial  current  running  east  of  the  same, 
under  otherwise  nndistarbed  atmospheric  conditions,  a  considerable 
portion  of  cold  air  will  rash  from  the  northwest  into  the  equatorial  cur- 
rent, whose  air-pressnre  is  thereby  increased  as  far  as  the  cold  air  pene- 
trates. It  1b,  however,  at  the  same  time,  evident  that  the  cold  sir  which 
thus  penetrates  will,  as  soon  as  it  penetrates  into  the  warm  air,  which 
is  full  of  aqueous  vapors,  produce  a  condensation  of  these  vapors,  f^om 
which  a  cold  rain  fh>m  the  northwest  or  west  will  resnlt.  It  must  also 
be  evident  from  the  foregoing  that  nnder  disturbed  atmospheric  condi- 
tions eddyingwinda  may  likewise  be  formed,  which,  under  extraordinary 
circumstances,  may  increase  to  tornadoes  or  hnrricanes,  with  all  the 
corresponding  natural  phenomena. 

We  have  now  considered  the  natural  conditions  that  must  present 
themselves  upon  the  west  side  of  an  equatorial  current  when  a  polar 
corrent  runs  along  it  toward  a  southwesterly  direction,  and  we  will  now 
proceed  to  examine  what  must  foe  the  conditions  upon  the  east  side  of 
such  an  equatorial  current  when  a  polar  current  runs  alongside  of  it  in 
an  oppofute  direction  toward  the  southwest.    In  the  first  place,  it  is 
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clear  that  Binoe  the  equatorial  carrent  moves  id  a  northeaeterly  direc- 
tion, it  will  be  afifected  by  the  force  of  rotation;  and  therefore  this  car- 
rent,  as  already  remarked,  cannot  pnrsae  the  given  direction  unless  the 
air-pressnre  increases  from  west  to  east  right  across  the  carreut,  as  for- 
mula (5)  requires.  But,  on  the  other  haad,  it  is  also  evident  from  what 
has  been  said  that  the  polar  carrent  ranning  east  of  the  same  is  like- 
wise unable  to  pursue  the  given  direction  noless  the  air-pressure  in  this 
current  similarly  increases  from  east  to  west,  according  to  the  law  laid 
down  in  formula  (5).  For  these  two  currents,  therefore,  the  level  sur- 
faces have  an  ascent  toward  each  other,  and  hence  it  results  that  both 
currents  are  kept  braced  against  each  other  by  tbe  force  of  rotation, 
while  each  of  them  seeks  to  crowd  the  other  out  of  its  place.  If  car- 
rents  of  air  are  of  different  specific  gravities,  the  one  having  the  greater 
specific  gravity  mast,  as  in  the  foregoing  case,  penetrate  into  tbe  otberj 
and  since  it  is  generally  the  polar  current  whose  specific  gravity  is  the 
greater,  this  stream  will  usually  penetrate  from  tbe  soatheast  into  tbe 
equatorial  current,  and  give  rain  from  the  southeast  or  south.  An 
essential  difference  between  the  conditions  upon  the  east  side  of  the 
equatorial  current  and  the  condition  npoa  tbe  west  side  of  the  same  is 
that  while  the  air-pressure  upon  the  west  side  of  tbe  equatorial  current 
is  always  relatively  low,  tbe  pressure  upon  the  east  side  of  the  same 
current  is  always  relatively  high.  Tbe  most  remarkable  difference,  how- 
ever, is  perhaps  this,  that  although  in  the  region  between  tbe  equatorial 
current  and  tbe  polar  current  which  runs  east  of  it  calms  may  occur 
similar  to  those  which  the  great  air-whirls  produce  upon  tbe  west  side 
of  tbe  equatorial  current,  yet  a  whirlwind  of  any  magnitude  can  never 
be  formed  upon  the  east  side  of  the  equatorial  current,  because  the  force 
of  gravity  here  works  in  the  same  direction  as  the  centrifugal  force,  thus 
tending  to  scatter  the  masses  of  air,  while  upon  the  west  side  it  works 
against  tbe  centrifugal  force  and  holds  the  masses  of  air  together.  If 
we  now  further  consider  that,  in  the  very  nature  of  the  case,  the  rota- 
tory movements  that  take  place  uix>n  the  east  side  of  an  equatorial  cur- 
rent must  be  "against  the  sun,''^-whiie  those  which  occur  upon  the  west 
side  of  such  a  current  must  be  "  with  the  sun,"  tbe  reason  is  at  once 
seen  why  all  revolving  tornadoes  and  hurricanes  must  rotate  against 
the  sun  in  the  manner  which  experience  has  shown. 

If  we  now  imagine  ourselves  to  be  in  a  polar  air-current,  and  moving 
under  normal  conditions  across  it  in  a  westerly  direction  toward  tbe 
eqnatorialcnrrent,  we  shall,  according  to  tbe  preceding,  from  a  relatively 
cold  and  dry  northeasterly  wind,  with  a  high  barometric  pressure,  grad- 
ually find  the  wind,  under  a  rising  air-pressure,  changing  to  an  easterly 
direction,  and  afterward,  under  a  slighlly  diminishiug  air-pres-sure, 
changing  into  a  rain;  but  somewhat  milder  southeasterly  wind.  Under 
a  constantly  diminishiug  air-pressnre,  with  milder  and  moister  sir,  tbe 
wind  passes  through  tbe  sonth  over  to  the  southwest,  and  we  then  find 
ourselves  in  the  sooth  westerly  equatorial  current,  in  which  the  state  of 
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the  barometer  is  low  and  the  temperatute  relatively  blgh.  If  we  now 
go  farther  toward  the  west,  tLe  presaare  of  the  air  diminislies  cod- 
staotly,  but  no  change  takes  place  in  the  direction  of  the  wind.  G  radu- 
ally,  however,  the  pressnre  of  the  air  heginH  to  rise,  while  the  wind 
shifts  round  more  to  the  west  and  grows  somewhat  colder.  During  a 
constantly  rising  atmospheric  pressure,  the  wind  passes  through  the 
west,  and  becomes  a  cold,  rainy,  northwest  wind.  If  w©  continue  our 
progress  toward  the  west,  the  pressure  of  the  atmosphere  rises  still 
higher,  the  wind  shifts  round  more  to  the  north,  the  air  becomes  clear, 
and  we  come  at  last,  under  a  constantly  rising  atmos2)heric  pressure, 
through  a  northerly  wiud  into  the  nest  northeasterly  polar  current.  If 
we  move  in  the  contrary  direction,  i.  c,  from  west  to  east,  these  phe- 
nomena will,  of  eoorse,  be  reversed.  What  I  have  desired  hereby  te 
show  is,  that  if  we  travel  from  cast  to  west,  when  everything  is  in  a 
normal  state,  we  shall  see  the  direction  of  the  wind  gradually  change 
in  the  manner  stated  by  Professor  Bove  in  his  well-known  law  of  rota- 
lioQ,  according  to  which  the  wind  most  frequently  turns  in  a  direction 
with  the  sun,  and  that  by  traveling  in  an  opposite  direction,  from  west 
to  east,  we  shall  see  the  direction  of  the  wind  change  according  to  the 
opposite  law.  Now,  since  Dove's  law  of  rotation  has  been  confirmed,  in 
the  main,  by  the  observations  which  have  been  made  in  various  coun- 
tries,* one  is  led  to  assume  that  the  atmosphere  has  a  movement  some- 
times from  west  to  east,  and  sometimes  from  cast  to  west  around  the 
earth,  which  seems  in  itself  to  be  quite  probable,  bnt  one  is  led,  at  the 
same  time,  to  the  conclusion  that  the  easterly  movement  is  the  pre- 
ponderant one.  That  this,  moreover,  is  really  the  case,  I  hope  the  fol- 
lowing will  plainly  show.  From  what  I  have  said  in  the  foregoing,  it  is 
evident  that  if  the  moving  masses  of  air  which  are  conveyed  from  the 
lower  to  the  higher  degrees  of  latitude  by  the  equatorial  air-currents 
were  of  the  same  magnitude  as  the  masses  of  air  which  are  carried  back 
by  the  polar  air-currents  from  the  higher  to  the  lower  degrees  of  lati- 
tude— which  would,  of  course,  necessarily  be  the  case  if  the  air  from  the 
lower  to  the  higher  degrees  of  latitude  did  not  bring  with  it  moisture, 
which  is  thrown  off  on  the  way — then,  for  each  separate  degree  of  lati- 
tude, it  would  be  necessary  that  the  snm  of  all  the  pressures  which  the 
force  of  the  earth's  rotation  would  exert  upon  the  masses  of  air  impelled 
toward  the  poles  from  west  to  east  should  be  equal  to  the  sum  of  all 
the  pressures  which  the  same  force  would  exert  from  east  to  west  upon 
the  masses  of  air  which  moved  from  the  pole  toward  the  equator.  In 
such  a  case,  taking  all  things  together,  there  would  have  to  be  an  equi- 
librium between  the  forces  which  would  respectively  move  the  atmos- 
phere in  an  easterly  and  westerly  direction.  The  case  is,  however, 
different  in  reality,  since  the  mass  of  air  which  moves  toward  the  poles 
brings  with  it  a  considerable  quantity  of  aqueous  vapors,  in  consequence 
of  which  the  mass  of  air  which  rushes  toward  the  poles  is  always  con- 
*  8«e  Frofeseor  Holten's  paper  in  Cbe  VideDSkabeoB  Selaliab  Overaigt  for  IdGi),  p.  113. 
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siderabi J'  greater  than  tlie  qaantity  uf  air  which,  at  each  separate  degree 
of  latitude,  retnrns  toward  the  equator.  Heoce  it  evidently  follows  that 
the  atmosphere  in  its  entirety,  with  the  excess  of  pressure  which  talies 
place  from  west  toward  east,  must  move  from  vest  to  east  around  the 
firm  surface  of  the  earth ;  and  hence,  again,  it  follows  that  Dove's  law 
of  revolution  for  the  wind  must  l>e  a  natural  law. 

I  shall,  for  the  present,  not  consider  farther  the  conclasiona  which  may 
probably  present  themselves,  and  that  may  be  deduced  with  regard  to 
the  phenomena  of  wind  and  weather.  It  seems,  however,  to  be  pretty 
clear  that  these  dednctions  may  be  more  important  than  anything  that 
we  have  hitherto  known  on  the  subject  we  have  been  considering. 


ON  THE    WHIRLWIND  AT   ST.  THOMAS   OS   THE   2lBT   01* 
AUGUST,  1871. 

[We  here  append  a  translation  of  Hann's  extracts  (ZeitBcbnft,  x,  p.  141),  from  a  sec- 
ond memoir  by  Coldiag,  entitled  "  On  tlie  Whirlwind  at  St.  Thomas  on  the  Slst  of 
August,  1871,"  and  -which  ia  published  at  page  10  of  the  Tolnme  tot  LB71  of  the  "Pro- 
ceedings of  the  Danish  Academy."] 

On  the  21st  of  August,  1871,*  a  whirlwind  passed  over  the  West 
India  Islands  in  the  direction  from  E8E  to  WNW.  The  reports  show 
the  average  velocity  of  its  progress  to  have  been  12  English  miles  per 
hour.  The  center  of  the  hurricane  passed  directly  over  the  city  of 
St.  Thomas  about  6  o'clock  p.  m.  During  the  whole  day  before  the 
outbreak  of  the  hurricane  the  wiod  blew  from  TSISE  to  ENB.  The 
barometer  before  noon  stood  at  765.5  millimeters,  and  fell  about  1.5 
millimeters  from  morning  to  evening.  The  pressure  continued  falling 
throughout  the  night,  and  the  wind  increased  in  force.  About  4  a.  m. 
of  the  2l8t,  the  barometer  stood  at  763  millimeters,  and  remained  sta- 
tionary at  this  point  until  9  a.  m.  The  wind  blew  in  gusts,  with  squalls 
from  the  east  and  northeast,  and  heavy  rain  fell.  At  12.30  p.  m.,  the 
barometer  stood  at  760  j  the  wind  was  more  northerly,  and  blew  in  fear- 
ful gusts.  At  2.30  p.  m.,  tbe  pressure  was  755.5  millimeters;  the  wind 
veered  to  northwest  at  3.30  p.  m.,  and  blew  with  terrific  power.  Tlie 
heaviest  winds,  which  caused  great  damage,  occurred  about  4.30  and  5 
p.  m.,  and  came  from  the  northwest.  At  5  p.  m.,  it  suddenly  became 
still,  as  the  center  of  the  hurricane  drew  near.  The  city  was  enveloped 
in  a  thick,  dark  fog,  and  the  air  was  unnaturally  quiet.  During  this 
calm,  the  pressure  reached  its  lowest  point,  727.5  millimeters.  After  an 
interval  of  35  minutes,  the  hurrieaoe  began  anew  with  heavy  sqnalls 

"The  BabMfOHit  path  and  other  phenomena  of  this  hnrricane,  'vbich  passed  over 
P^QtA  Bass*  «a  the  S3d,  were  Baccessfully  predicted  from  da;  to  day  in  advance  by 
Uu  pceseat  tmtslator  in  tbe  tri-daily  weather  probabilitlea  of  Angust,  1B71,  as  pab- 
heimH  by  thQ  Army  Signal  Office C.  A. 
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from  tbe  southwest  to  southeast;  at  tlio  soido  time  the  barometer begaa 
to  rise.    Five  series  of  meteorological  observatioos  during  this  hurri' 
caoe  are  at  hand.    The  observed  values  of  the  atmospheric  presanre  for 
three  of  these  are  graphically  presented  in  Fig.  3. 
nG.3. 


The  most  complete  observations,  corresponding  to  the  carve  throngh 
the  simple  pointa  (.).  were  made  on  the  French  steamship  La  Yille  de  St. 
Nazaire,  Captain  d'Etroyat.  The  poiats  enclosed  in  circles  are  entered 
according  to  the  observations  on  the  ship  Tyne,  Captain  Taylor.  Both 
these  series  of  observations  were  instituted  in  the  harbor  of  St.  Thomas. 
The  curve  designated  by  Caravelle  is  drawn  according  to  the  observa- 
UoQS  on  the  steamer  of  the  same  name,  which  was  4  or  5  miles  north  of 
Porto  Bico^  at  a  distance  of  51  nautical  miles  fi'om  St.  Tliomas. 

The  whirlwind  began  at  St.  Thomas  aboub  12.30  p.  m.  and  ceaseQ 
about  9.30  p.  m.  Its  duration  was  therefore  9  hours.  The  central  calm 
paaaed  St.  Thomas  iu  0.6  hours.  As  in  the  previous  case,  we  designate 
the  radios  of  the  calm  space  by  o  =  0.3  hours  =  3.6  miles,  since  the 
velocity  of  its  progress  must,  according  to  the  observations,  bo  taken  at 
12  miles  per  hour;  therefore  the  radius  of  the  whole  whirl  (adopting 
the  previous  notation)  is  a  -|-  J7=  4.5  hours  =  o4  miles,  and  therefore 

^i^  =  15and:?  =  14. 
If  we  substitute  these  values  in  equation  (3),  we  obtain — 

X= 2.3  log  (l  +  14  ;J)  -  0.032  tang-^.^  14  J  +  0.677.^(o.2U  -  j) 
+  0.0625  ^  {  (h)'-  0.107 -J  +  0.015  J . 

Whence  for  the  following  values  of  -h-  we  obtain  the  corresponding 

values  of  Xand  s: 

^=    0.1        0.2       0.3        0.4       0.5       0.6       0.7       0.8        0.9        1.0 

X  =   0.87      1,31      1.68      1.78      1.93     2.04     2.12     2.19      2.24      2.27 
z    =10.0      17.0     21.5      24.5     27.0     28.5     29.5     30.5      31.0      31.7 
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Tho  values  of  tbe  preaBore  z  given  in  tbe  lowest  IiDe  are  those  which, 
according  to  d'Etroyat's  oliaervations,  belong  to  the  correspoDding 
valaes  of  « ==  0.1  j?,  &o.    Bat,  accordiDg  to  eqaatien  (3),  we  can  deter- 


this  purpose  the  tea  namerical  eQuations 

11  _  lO-O™  .  _  ll:? .  _  21^5   &c  • 
g  ~    U.S7     '  ~1.3l'  ~1.68'       "' 

aud  as  tbe  mean  of  these  ten  values  we  find 

—  =  IS.?"™  of  noercniy,  according  to  d'Etroyat; 

similarly, 

—  =  13.2°"  of  mercury,  according  to  Taylor. 
9 

By  using  tbese  constants,  we  can  now,  for  each  valae  of  x  =  0.1  S,  &e., 
compate  the  correspondiog  value  of  g.  This  computation,  execated  for 
both  tbe  series  of  observations  by  d'Etroyat  and  by  Taylor,  gives  the 
following  resalt: 

£  =  0.1      0.2      0.3      0.4      0.5      0.6      0.7      0.8      0.9      1.0 


s  observed..  10.0    17.0    21.5    24.5    27.0    28.5    29.5    30.6    31.0    31.7 
« computed.  1L.9    17.9    21.7    24.4    26.5    28.2    29.1    30.1    30.8    31.2 


« observed..  10.0  16.6  21.0  23.5  25.5  27.0  28.0  29.0  29.5  30.5 
z  computed.  11.5    17.2    20.8    23.4    25.4    27.0    27.9    28.8    29.5    29.9 

The  agreement  is  therefore  almost  perfect.    D'Etroyat's  observations 
give  for  —  the  value  13.7  millimeters  of  mercury,  or  400  feet  of  air; 

Taylor's  observations  give  440  feet  of  air.  From  these  it  follows  that 
F=  120  feet  or  39  meters  and  117  feet  or  38  meters.  Since  the  velocity 
of  the  forward  progress  of  the  whirlwind  was  12  miles,  or  20  feet  per 
second,  therefore  mast  the  greatest  velocity  of  tbe  wind  on  the  right 
side  of  the  whirl,  where  the  rotatory  aud  tbe  progressive  movements  take 
place  in  tbe  same  direction,  be  considered  to  be  140  feet  or  45.5  meters ; 
bnt  on  the  lelt  side,  where  the  inverse  is  the  case,  it  becomes  100  feet  or 
32,5  meters.  rora!  =  ^  the  equation  (1)  gives  in  our  case  «  =  68  feet  as 
tbe  velocity  of  rotation  at  the  outer  limit  of  the  whirl.  This  would  give 
a  velocity  of  88  feet  on  the  right  and  48  feet  on  the  left-hand  side. 
Therefore  between  tbese  limits  ranged  the  velocity  of  the  wind  within 
tbe  cyclone  of  the  2lBt  August,  1871. 
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ON  THE  RELATION  BETWEEN  BAROMETRIC  VARIATIONS 

AND  THE  GENERAL  ATMOSPHERIC  CURRENTS. 

By  Mr.  Pksun,  Meono  Enqinker  at  Tasbks. 

[From  the  BnUeCIn  Intenalional  del'Olis,  dsParia  et  del'Obs.  Pbya.  Cent.  Se  Uontsoarii,  18T3,Mai3a 
to  Jol;  T,  iuDlDBlTe.    TranBlated  b;  Cleveland  Abbe.) 

(1)  Tlie  Zawa  of  the  Winds  given,  by  the  Synoptic  Weather  Ckarta, 

If  we  stody  the  synoptic  charts  that  the  Imperial  Ot)serTatory  at 
Paris  has  collected  in  the  "  Atlas  of  the  General  Movements  of  the 
Atmosphere,"  we  are  struck  by  the  generality  of  a  fact  which,  at  first 
thought,  seems  contrary  to  the  laws  of  mechauics.  The  atmospheric 
carrentH  never  move  iii  n  direct  line  from  the  region  of  high  barometric 
pressure  toward  the  region  of  low  pressure;  but,  according  to  the  numer- 
ous observations  recorded  in  the  synoptic  charts,  the  direction  of  the 
wind  is  more  often  nearly  that  of  the  tangent  to  the  isobarometric 
curves.  One  might  conelude  from  this  that  the  variations  of  atmos- 
pheric pressure  have  little  or  no  influence  upon  the  direction  of  the 
wind ;  that  the  movements  of  the  terrestrial  atmosphere  are  regulated 
by  some  foreign  force,  which  has  no  relation  to  the  pressure  indicated 
by  the  barometer. 

However,  a  more  Ihorough  examination  of  the  synoptic  charts  enables 
us  to  recognize  a  certain  co-relation,  on  the  one  band,  between  the 
direction  of  the  atmospheric  currents  and  the  direction  of  the  baro- 
metric variations,  counted  normally,  to  the  current,  and,  on  the  other 
hand,  between  the  force  of  the  wind  and  the  rapidity  of  this  transverse 
variation  of  the  preesare.  For  the  sake  of  clearness,  let  us  personify 
the  wind,  and  suppose  that  Eolus  faces  always  toward  the  point  of  tbo 
horizon  toward  which  he  blows.  We  shall  perceive,  in  the  first  place, 
that  in  the  synoptic  charts  the  high  barometric  pressures  are  always  on 
his  ri^'ht  hand,  and  the  low  pressures  on  his  left  hand.  In  the  second 
place,  we  shall  see  that  when  tbo  synoptic  chart  shows  regular  and  vio- 
lent winds  over  a  certain  extent  of  country,  the  isobars  cross  over  this- 
region,  and  traverse  it  in  parallel  lines  close  together. 

According  to  the  examination  that  we  have  been  able  to  make  of  the 
published  synoptic  charts,  the  preceding  laws  are  very  general,  and 
can  be  safely  applied  to  the  whole  temperate  zone  of  our  hemisphere; 
they  are  a  simple  extension  of  known  laws  of  the  movements  of  the  air 
in  cyclones  and  tempests.  We  shall  now  seek  to  give  their  explana- 
tion accoidiug  to  the  principles  of  mechanics. 

(2)  Mechanical  Conditions  of  the  Existence  of  an  Atmospkeria  Current. 

I  assume  that  some  cause  initiates  in  our  hemisphere  a  general 
atmospheric  current;  that  is  to  say,  a  current  of  air  following  a  con- 
stant direction  over  a  large  extent  of  country.  I  will  now  seek  the 
30  S 
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conditioDS  that  the  constitution  of  the  atmosphere  imposes  in  order 
that  this  cnrrent  may  he  maintained  for  an  indefinite  length  of  time, 
and  in  order  that  the  dlnrnal  rotation  of  the  earth  shall  not  modify  tbe 
direction  which  the  current  has  at  the  sarface  of  the  globe.  Let  A  be 
one  of  tbe  points  of  the  region  over  which  the  atmospheric  current  pre- 
vails. Let  B  A  be  the  direction  of  the  current,  Y  tbe  velocity  with 
which  the  air  moves.  Let  A  jr  be  the  meridian  of  the  point  A ;  A  «  tbe 
perpendicalar  to  A  y,  or  the  taogeot  to  the  parallel  through  the  point  A. 
Let  ns  represent  by  X  tbe  latitude  of  the  point  A,  and  by  fi  =  oi^!!.^, 

the  angular  velocity  of  tbe  diurnal  rotation  of  the  earth.  The  curve 
really  described  in  space  by  a  particle  of  air  is  obtained  by  compound- 
ing the  apparent  movement  of  this  particle  on  the  surface  of  the  earth ; 
that  is  to  say,  the  translation  corresponding  to  the  velocity  of  the  cur- 
rent, with  the  movement  of  the  terrestrial  surface,  or  the  translation 
corresponding  to  the  dinrnal  rotation. 

I  decompose  the  diurnal  rotation  into  two  component  rotations,  the 
first  having  for  its  axis  that  radius  of  the  earth  which  passes  throngb 
the  point  A,  the  second  having  for  its  axis  the  terrestrial  radius  perpen- 
dicular thereto  and  in  the  plane  of  the  meridian  of  the  point  A.  The 
angular  velocities  of  these  component  rotations  will  be,  for  the  first, 
£3  sin  1,  and  for  the  second  £i  cos  X. 

Letus  first  consider  the  effect  of  the  first  rotation.  Tbe  apparent 
trajectory  of  the  particle  of  air  which  passes  by  A  being  tlie  line  A  P, 
tbe  real  trajectory  will  be  a  curve  A  M,  determined  in  polar  coordinates 
by  the  equations  AM^APsV*.  Angle  P  A  M  =  £3  ( sin  A,  where  t  is 
the  time  employed  by  the  particle  of  air  in  describing  the  arc  A  M. 

The  tr^ectory  described  is  a  curve.  Oonseqaeatly  the  particle  of  air 
is  subject  to  the  action  of  a  force  whose  value  depends  upon  the  cnrva- 
tare  of  the  trajectory,  and  is  easy  to  calculate  accoi-ding  to  the  princi- 
ples of  mechanics. 

The  tangent  to  the  trajectory  at  A  is  A  P,  for  the  limit  of  the  angle 
P  A  M  is  0  for  (  =  0.  The  velocity  at  A  is  V,  for  this  velocity  is  the 
limit  of  the  ratio  of  the  arc  A  M,  or  of  the  chord  A  M  =  Y  t,  to  the  time 
t  required  to  describe  it.  Consequently,  tbe  effect  of  the  fotce  that  we 
desire  to  calculate,  acting  through  tbe  time  t  upon  the  particle  of  air, 
is  to  produce  a  deviation,  represented  in  oar  figure  by  the  lioe  P  M. 
Let  m  be  the  mass  of  the  particle  of  air  and  m  F  the  force  that  acts 
upon  it.    We  shall,  according  to  mechanical  principles,  have 

She  figure  gives  ns  the  geometrical  relation 

PM  =  AM.2.sin  (?-^\ 


,  £3  tsin  il 
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Comparing  the^e  valnes,  and  passing  to  tbe  limit  by  making  t  dimia- 
isfa  to  zero,  we  shall  obtain,  for  the  value  of  tbe  force  F, 
F=2V£i  Bio  i. 

As  to  the  direction  of  the  force,  it  is  that  of  tLe  deviation  P  M  per- 
pendicnlar  to  tbe  liae  bisecting  tbe  angle  P  A  M,  and  passing  to  the 
limit  we  obtain  a  direction  A  F  perpendicular  to  A  P,  or  the  direction 
of  the  current  at  the  point  A. 

The  force  m  F,  whoso  direction  and  value  we  have  determined,  is  that 
known  In  mechanics  as  a  composite  centrifugal  force.  We  will  now 
apply  to  our  special  case  the  general  theory,  by  means  of  which  we  pass 
from  forces  of  apparent  movement  to  real  forces. 

We  will  now  determine  tbe  effect  of  rotation  about  the  terrestrial 
radius  passing  through  the  point  A.  Tbe  second  rotation,  that  which 
takes  place  about  tbe  radius  perpendicular  thereto,  will' give  to  the  real 
trajectory  a  new  curvature,  and  consequently  we  should  have  to  con- 
clnde  the  existence  of  a  new  corresponding  force;  hot  this  second  com- 
posite centrifngal  force  is  feeble  relatively  to  the  first,  and  does  not 
seem  to  manifest  itself  in  existing  meteorological  observations.  In  order 
to  simpli^  our  formulas,  we  shall,  in  what  follows,  neglect  it  as  being 
insensible. 

A  calculation  analogous  to  that  which  precedes  shows  that  if  the  air 
moves  parallel  to  tbe  terrestrial  surface,  or  if  the  level  of  the  particle  of 
tbe  air  m  does  not  vary,  the  second  composite  centrifugal  force  is  ver- 
tical and  has  for  its  value 

2  j»  F  sin  (p  n  cos  i 
(fi  being  the  angle  that  the  velocity  F  makes  with  the  meridian). 

This  force  having  the  same  direction  as  the  force  of  gravity,  and  ex- 
tremely feeble  in  comparison  with  it,  should  exert  an  influence  propor- 
tional to  its  value.  We  do  not  think  its  effects  can  be  clearly  distin- 
guished from  those  of  tbe  weight  of  the  air.  When  the  air  is  animated 
by  an  ascoudLng  or  descending  movement,  such  that  the  velocity  Y  of 

dr 
the  particle  m  has  a.  Vertical  component  ^ri  the  composite  centrifugal 

force  that  we  are  studying  has  a  second  component 

2in-rr  £i  cosA, 
at 

which  is  horizontal  and  perpendicular  to  the  median.  It  is  possible 
that  this  second  component  produces  some  appreciable  effects  in  meteor- 
ological phenomena  when  the  vertical  movements  of  the  air  become  im- 
portant, as,  for  example,  in  storms  and  bnrricanes." 

"  Note  by  thb  Translator. — It  will  he  peroeivod  that  in  these  fonnal»  Peslin  treats 
of  tbe  rotatioQ  of  tbe  OMth  to  the  neglect  of  tbe  rotatioa  of  storm-wiods  aimat  their 
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(3)  The  Law  of  Variation  of  Barometrie  Pretsure  within  Atmoapkerie 
Cvrrent*. 

We  shall  show  that  whea  any  region  of  the  eaith  is  traversed  by  a 
general  atmospheric  cnrrent  which  preserves  its  diceotioii  notwithstand- 
ing the  diurn^  rotation,  one  can  conclnde  with  certaiuty  as  to  the  ex- 
istence of  horizontal  forces  perpendicolar  to  the  direction  of  the  cnrreut 
and  affecting  every  particle  that  is  in  motion. 

The  forces  which  can  affect  any  particle  of  the  earth's  atmosphere  may 
be  divided  into  two  classes:  first,  the  int«nial  forces,  or  those  exerted 
by  QfigbboriDg  particles — in  other  words,  the  pressure;  second,  the  ei- 
ternal  forces,  or  those  exerted  by  exterior  bodies.  The  external  forces 
can  be  reduced  to,  first,  the  attraction  exerted  by  the  earth,  or  the 
\Teight  of  the  particle ;  and,  second,  the  action  of  the  solar  heat.  Bnt 
even  this  last  is  not  a  force,  properly  so-called,  for  it  does  not  tend  to 
displace  the  particle  of  air  or  make  it  to  move  in  one  direction  rather 
than  the  opposite.  Its  only  direct  effect  is  a  variation  of  the  internal 
living  force,  and  consequently  of  the  density. 

If,  then,  I  neglect  the  problematic  influence  of  the  moon  and  of  other 
celestial  bodies,  and  if,  moreover,  I  expressly  leave  out  of  consideration 
the  forces  dne  to  atmospheric  electricity,  I  shall  flud  no  exterior  force 
that  has  a  horizontal  component.^  There  will  remain  then  to  me,  in 
order  to  take  account  of  the  forces  m  F  which  solicit  the  particles  of  the 
current,  only  the  variations  of  atmospheric  pressure  in  a  horizontal  diieo- 
tion. 

Let  us  imagine  a  parallelopipedon  cut  from  the  mass  of  moving  air, 
and  having  a  base  whose  surface  is  8,  in  a  vertical  plane  parallel  to  the 
direction  of  the  current,  and  a  beight  equal  to  Ar.  The  volume  of  the 
parallelopipedon  will  be  S  dr,  and  the  total  mass  of  particles  of  air 

which  it  contains  3f  =  ^  S  Jr  (where  p  is  the  density  of  the  air,  and 

g  =  9'°.8088  is  the  value  of  gravity. 

The  forces  exerted  upon  the  mass  M  due  to  the  particles  of  the  sar- 
rounding  fluid  have,  for  resultants,  pressures  upon  the  faces  of  the  par- 
allelopipedon. As  these  pressures  are  normal  to  the  faces  upon  which 
they  act,  the  pressures  upon  the  horizontal  faces  and  upon  the  vertical 
faces  normal  to  the  direction  ofthe  current  give  no  components  haviog 
the  direction  of  the  forces  m  F.  We  have  then  to  take  account  only  of 
the  pressures^  and  p+  dp  exerted  upon  the  two  vertical  bases  of  the 
surface  S;  and  recollecting  that  the  resultant  of  all  Che  forces  m  f  which 
afl'ect  the  particles  contained  in  the  parallelopipedon  ought  to  be  eqni- 
valent  to  the  difference  between  these  two  pressures  in  opposite  direction^ 
we  shall  have  the  equation^ 

Sp  —  S  (p  +Ap)  =  m  F; 

'  The  theory  that  we  sball  bero  develop  in  order  t< 
identically  the  same  as  tbat  wbich,  in  mecbanicB,  sen 
cqnatioD  of  Ibe  motion  of  flnidB. 
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^bence,  BnbBtitnting  the  value  of  M  nnd  dividing  by  S, 

9 
We  can  sIbo  replace  F  by  its  value  determined  prevlonsly,  and  the 
foramla  then  becomes 

J  j>  =  -  —  •  2  F-  £1  sin  J  Jr. 
■^  9, 

(4)  Application  to  the  Synoptieal  CJiarU, 

It  is  easy  to  apply  these  theories  to  atmospheric  carrcnts,  and  to  show 
that  they  give  the  same  laws  that  we  have  deduced  from  the  exatnina- 
tion  of  synoptic  charts. 

The  forces  m  F  Lave  do  components  in  the  direction  of  the  current; 
consequently,  the  pressure  ought  not  to  vary  in  this  direction  :  in  other 
words,  the  direction  of  the  wind  ought  to  be  tangent  to  the  curve  of 
equal  barometrio  pressure.  The  direction  in  which  the  pressure 
increases  transversely  to  the  current  is  opposite  to  that  of  the  forces 
m  F.  It  should  change  when  the  direction  of  the  current  changes ;  and 
in  our  hemisphere,  consideriug  the  direction  of  the  terrestrial  rotation, 
we  recognize  by  the  examination  of  the  figure  which  gives  the  force  F 
that  the  highest  preBsure  should  alway^,  on  the  synoptic  chart,  be  to 

zip 
ihe  right  of  the  current.    Finally,  the  coefQcieot  -^  which  measures  the 

rapidity  of  the  transverse  variation  of  the  pressure  increases  propor- 
tionally to  the  force  F;  that  is  to  say,  increases  on  the  one  hand  as  the 
velocity  V  of  the  moving  air,  and,  on  the  other  hand,  increases  in  pro- 
portion to  the  sine  of  the  latitude  of  the  region  under  consideration.  If 
any  region  of  the  earth  is  traversed  by  a  violent  atmospheric  current, 
the  curves  of  equal  barometric  pressure  ought,  in  traversing  this  region, 
to  draw  closely  together,  and  so  much  the  more  for  a  given  violence  of 
the  wind  in  proportion  as  the  region  is  further  removed  from  the  equa- 
tor. 

(5)  Extension  to  iJie  Case  of  Rotatory  Movements. 

These  laws  are  those  that  relate  to  atmospheric  currents  of  constant 
direction  and  intensity  ;  when  the  movement  of  the  air  is  not  rectilinear, 
these  cease  to  be  rigorously  applicable.  It  is  necessary  then  to  com- 
bine the  composite  centrifugal  tbrce  with  the  forces  which  correspond 
to  the  apparent  movements  of  the  particle  of  air.     These  forces  are : 

dV  V 

m  -TT-  in  the  direction  of  the  cnrrent,  and  m^  in  a  direction  normal  to 

the  current,  R  being  the  radius  of  the  curvature  of  the  appaient 
trajectory.  Consequently  the  formuiBB  which  give  the  variation  of 
barometric  pressure  become 

ds         g'  dt  ' 
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These  are  tbe  formnls  which  on^ht  to  be  applicable  Iq  stadyiiig  the 
rotatory  movements  of  the  air  in  cyclones  and  storms.  We  have  already 
stated,  at  tbe  begioniDg  of  this  memoir,  that  the  iaws  wbich  we  have 
previously  eaanciated  apply  to  tbe  movements  of  the  air  in' tempests, 
and  tbat  tbey  have  been  already  recognized  and  formnlated  by  numerous 
observers.  We  mast,  then,  conclade  that,  even  in  meteorological  pbe- 
nomena,  where  the  apparent  movement  of  the  air  is  most  irregalar  and 
violent,  the  composite  centrifugal  force  retain^  a  preponderating  influ- 
ence, such  that  the  variations  of  barometric  pressure  are  controlled 
principally  by  this  force,  according  to  tbe  laws  tbat  we  have  developed. 

But  if  our  formulae  give  tbe  laws  of  tempesbt  as  a  particular  cas^,  it  is 
important  to  remarl^  that  they  are  more  general  stiil,  and  tbat  tbey  are 
applicable  to  all  the  movements  of  the  air  in  oar  hemisphere.  It  is  not 
necessary  that  tbere  should  be  a  storm  (that  is  to  say,  a  rotatory  move- 
ment of  the  atmosphere  accompanied  by  rain]  in  order  tbat  the  direction 
of  the  winds  should  obey  tbe  preceding  rales.  Every  terrestrial  region 
where  a  barometric  depression  is  produced  will  be  surrounded  by  winds 
circulating  in  a  direction  opposite  to  that  of  tbe  hands  of  a  watch  j  and 
conversely,  if  the  barometric  pressure  is  high  over  any  region,  tbe  winds 
prevailing  upon  the  borders  of  this  region  will  circulate  in  the  same 
direction  as  the  hands  of  a  watch.  It  is  only  necessary  to  glance  upon 
the  synoptic  charts  in  order  to  ascertain  how  fully  these  rnles  aa  to  the 
direction  of  the  winds  ate  confirmed  by  the  observations  tbat  are  therein 
presented. 

(6)  Explanalion  of  tke  Variation  of  BaroMetrie  Preaaure  with  tke  Latitude. 

Onr  theory  permits  us  to  give  an  explanation  of  some  of  tbe  facts, 
geuerally  accepted,  relative  to  the  variations  of  barometric  pressure 
upon  tbe  surface  of  tbe  earth. 

Tbe  barometric  pressure  reduced  to  tbe  level  of  the  sea  is  not  con- 
stant, but  varies  with  tbe  latitude.  Its  mean  value  at  tbe  equator  is 
about  75S  millimeters.  It  increases  from  tbe  equator  to  a  parallel  be- 
tween 30°  and  4<P,  and  there  attains  a  maximum  value  of  762  to  761 
millimeters.  If  we  proceed  to  higher  latitudes,  the  pressure  diminishes, 
and  in  the  polar  regions  It  is  probably  leas  than  756  millimeters.*  Tbis 
variation  of  pressure  with  latitude  is  also  easily  confirmed  by  the  syn- 
optic cbarts.  On  each  chart  we  see  designated  a  region  of  high  pressure 
whose  ceuter  is  generally  in  the  middle  of  the  Atlantic  near  the  parallel 
of  30<3.  Xhe  pressare  at  tbe  center  often  attains  775  millimeters,  and 
sometimes  780.  The  winds  are  feeble  near  tbe  ceuter,  but  on  tke  borders 
of  tbia  region  tbey  become  stronger.  On  the  east  and  sonth  borders, 
tbey  blow  from  points  of  tbe  compass  comprised  between  north  and  east, 
and  constitute  tbe  trade-wiods.  On  the  northern  border,  tbe  winds  blow 
very  generally  from  tbe  west,  and  are  connected  with  tbe  anti<trade 
currents. 

'  Eamtz's  Heteorologle,  Maitia'B  editioo,  p.  256. 
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According  to  Out  theory,  the  exiateoce  of  these  winds  on  tbeae  borders 
suffices  to  espIaJD  the  high  prossnre  that  is  esperieoced  in  the  central 
tenons;  it  seems  to  na,  then,  very  probable  that  the  variBtioQ  of  the 
pressure  with  latitude  ought  to  be  attribated  to  the  permanent  cnrrents 
that  the  earth's  atmosphere  presents.  The  presanre  should  increase 
then  from  the  equator  to  the  parallel  of  30°  in  the  whole  region  where 
the  trade- winds  of  the  equatorial  zone  prevail;  it  sbonld  decrease  from 
the  parallel  of  40°  to  the  pole  over  the  whole  region  where  the  return 
current  or  the  contra-trade  of  the  temperate  zone  prevails. 

It  is  on  the  parallel  where  the  interchange  is  made  of  the  second  cur- 
rent for  the  first  that  the  pressure  attains  its  maximum  value. 

(7)  Explanation  of  the  Increase  of  the  Monthly  OsoiUations  of  the  Barome- 
ter from  the  Equator  to  (te  Pole. 

Oae  of  the  most  prominent  facts  that  is  presented  by  the  observation 
of  the  barometer  is  the  rapid  increase  of  the  irregular  oscillations  in 
proportion  as  we  go  away  from  the  eqnator.  The  difference  of  the 
monthly  extremes,  which  at  the  eqnator  scarcely  surpasses  on  the 
average  two  or  three  millimeters,  is  ten  millimeters  at  tbe  parallel  of 
30°,  and  becomes  thirty  and  even  forty  millimeters  in  the  polar  regions.* 
This  enormous  variation  of  the  monthly  barometric  oscillation  was  indi- 
cated a  long  time  ago  by  De  Saussure,  who  has  said  that  any  hypothe- 
sis destined  to  explain  the  barometric  oscillations  ought  first  of  alt  to 
take  account  of  their  increase  with  the  latitude.  Let  us  see  if  our  theory 
gii'es  any  satisfaction  as  to  this  point. 

In  the  formula  which  gives  the  transverse  barometric  variation  for 
an  atmospheric  current  of  the  velocity  V,  and  which  is 

At  g 

the  sine  of  the  latitude  enters  as  a  factor.  An  atmospheric  cnrrent  of 
constant  intensity  produces,  then,  on  its  borders  variationsof  barometric 
pressure  which  are  very  nneqnal,  according  as  it  is  developed  near  the 
pole,  or  near  the  equator.  If  we  represent  by  unity  the  variation  of  the 
barometer  in  the  polar  regions,  it  becomes  0.71  at  the  latitude  of  J5°, 
0.50  at  the  latitude  of  SO©,  and  0.26  at  the  latitude  of  15°. 

Let  us  apply  to  the  numbers  cited  by  Kamtz  a  correction  for  the  lati- 
tude calculated  according  to  these  considerations ;  in  other  words,  let 
OS  divide  by  siu  I  the  monthly  oscillation  of  tbe  barometer  in  order  to 
reduce  it  to  that  which  would  have  been  produced  at  the  pole  of  the 
earth  by  a  current  of  the  same  intensity.  We  shall  obtain  a  series  of 
aumbers  which  increase  frith  the  latitude,  but  in  a  much  less  rapid 
degree  than  previously.  The  monthly  oscillations  reduced  to  the  pole 
become  ten  to  fifteen  millimeters  for  the  equatorial  regions,  twenty 
millimeters  for  the  parallel  of  30°,  and  thirCy-five  to  forty  millimeters 
for  the  polar  regious. 

'  K&tatz,  Meteorologie,  p.  281. 
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It  remains  to  be  BbowD  wbether  the  irregalar  atmospheric  currents 
and  storms  which  prodnce  iD  each  inoDth  the  extreme  variatioos  of  the 
barometer  increase  in  iateosity  with  the  latitude ;  whether  this  inteusity 
doables  as  we  pass  from  equatorial  regions  to  temperate  zones  and 
trebles  when  we  pass  to  the  polar  regions. 

A  precise  veriflcation  cannot  be  made  at  present.  We  possess  no 
direct  obaer\'ations  upon  the  meon  velocity  of  the  atmospheric  currents 
in  diiferent  latitudes;  but  we  can  assert  that  the  ratios  of  the  inteusities 
to  which  our  theory  leads  as  do  not  differ  very  much  iVom  tbe  reality.  It 
is  well  established  that,  as  the  regular  winds  diminish,  tbe  frequency  and 
the  violence  of  the  irregular  currents  and  of  tbe  tempests  increase  in  pro- 
iwrtion  as  we  depart  from  the  equator.  The  reason  would  seem  to  be 
that  indicated  by  KSmtz.*  The  first  cause  of  every  current  in  onr  atmos- 
phere is  an  irregularity  of  temperature.  Now,  in  proportion  as  we 
proceed  from  tbe  pole  toward  the  equator,  tbe  thermometric  variation 
for  any  change  in  latitude  becomes  more  rapid;  tbe  distribution  of  tem- 
perature upon  the  same  parallel  becomes  more  irregular.  In  general, 
we  tblnk  it  certain  that  our  formula  sufBces  to  explain  the  enormous 
varialion  of  the  monthly  barometric  oscillation  as  one  passes  from  the 
equatorial  to  the  polar  regions. 

(8)     Oaloulation  of  the  Velodtt/  of  the   Wiud  from   the  Variationt  q/" 
Barometric  Pressure. 

Tbe  relation  that  we  have  found  between  tbe  velocity  of  the  air  in 
any  atmospheric  current  and  tbe  variation  of  barometric  pressure  in  a 
direction  transverse  thereto  should  permit  us,  iuversely,  to  calculate  the 
velocity  of  the  air  when  we  know  tbe  law  of  tbe  variation  of  tbe 
pressures.  The  synoptic  cbarts,  by  giving  ns  for  every  day  tbe  law  of 
the  distribatioQ  of  pressure  over  a  certain  region  of  tbe  earth,  enable  us 
to  deduce  the  mean  velocity  that  should  be  presented  by  the  atmospheric 
currents  prevailing  over  this  region.  To  tbis  end  it  suffices  to  resolve 
the  equation 

4p  =  —  2  ?  r  ft  sin  a  Jr 

g 

with  refereuce  to  the  velocity  V  considered  as  an  unknown  gnantity : 
thus  we  obtain 

2pQ  BiuXAv' 
In  the  synoptic  charts  tbe  isobars  are  traced  for  pressures  differing 
by  five  millimeters.  For  the  valne  of  tbe  arbitrary  distance  Jr,  I  take 
tbe  distauce  of  tbe  two  isol»trs  which  include  the  point  under  considera- 
tion, Tbe  correspouding  valne  of  Jp  would  be  equivalent  to  a  height 
of  5  millimeters  of  mercury,  and  we  consequently  have 
Jp_  O-.QOS  X  13.596 


0.001293  X 


(TtBO      1  +  at 


*  Eumtz,  Meteorologie,  p.  S 
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(where ji  is  the  pressure  aad  t  the  temperattiie  of  the  air  vhose  density 
ia  represented  by  p). 

Upon  the  synoptic  chart,  the  natural  unit  of  length  is  the  degree  of 
the  meridian,  which  is  represented  at  any  point  by  the  distance  between 
the  lines  correaponding  to  the  terrestrial  parallels.  I  will  call  3  the 
value  of  the  distance  Jr  expressed  in  this  unit.  As  our  formula  sup- 
poses that  the  meter  is  taken  as  the  unit  of  length,  the  value  of  ^r  that 
we  shall  use  will  be 

,       lOOOOOOO"-    , 

'"^^ 96^-' 

(90°  of  the  meridian  of  the  earth  are  equivalent  to  10,000,000  meters). 
We  liave,  floally, 


■°.8C83:  £i  = 


3  X  3.1416 


'  SIJ400  ei»400 

After  e11  substitutions  have  been  made,  the  formula  which  gives  the 
value  of  y  becomes 

y'_   0.005  X  13.5fl6  X  9.8088  x  8fi400  x  90       0.760     1  +  at 
2X0.001293X2  xa.l4l0x  10 OOU  000^    p     ^  S sin  i* 
whence,  by  making  the  calculations  as  indicated, 

y=3l-.91x»J::™»xl±i.'. 
p  i  Biui 

In  this  formula,  there  enter  four  elements — the  barometric  pressure;?, 
the  temperature  t,  the  distance  of  the  isobars  d,  and  the  latitude  k;  but 
the  daily  variations  of  the  two  first  elements  exert  only  a  feeble  influ- 
ence, which  may  be  neglected  in  a  first  approximation.  The  pressure j> 
in  the  synoptic  chart  has  reference  to  the  level  of  the  sea,  and  viries 
between  the  limits  716  and  785  millimeters;  consequently,  the  factor 
0.760  remains  always  comprised  between  the  limits  0.907  and  1.06.  As 
to  the  temperature  t,  its  variations  have  a  greater  importance ;  but,  as 
they  are  not  given  upon  the  synoptic  charts,'  we  are  obliged  to  neglect 
its  daily  variation,  and  can  take  account  only  of  the  mean  temperatures. 
In  order  to  simplify  the  matter,  we  have  assumed  that  this  mean  tem- 
peratnre,  supposed  to  he  reduced  to  the  level  of  the  sea,  depends  only 
upon  the  latitude  i,  and  we  have  formed  a  table  of  donble  entry  giving 
the  valaes  of  the  velocity  V  corresponding  to  various  values  of  <i  and  S. 
This  table  has  been  formed  especially  in  reference  to  the  zone  covered 
by  the  synoptic  charts,  that  is  to  say,  the  regions  of  the  North  Atlantic 
and  of  Western  Europe  comprised  between  the  parallels  of  30^^  and  GO^ 
of  north  latitude. 


f~ll.-K. 

x=3a. 
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•  Tboee,  e.  g.,  of  the  PuriM  Observator;. 
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The  application  of  this  table  to  the  synoptic  charts  is  easy.  Thos,  let 
as  suppose  that  we  are  studying  the  charts  of  the  last  ten  days  of  June, 
1864,  and  that  we  desire  to  find  the  average  force  of  the  trade-wind 
which,  dnring  those  days,  prevailed  upon  the  Atlantic  along  the  coast 
of  Port,agaI.  By  oompariDg  the  barotnetrio  prossares  noted  by  the  dif- 
ferent ships  that  passed  out  a  short  distance  from  this  coast  With  the 
pressures  observed  at  Lisbon,  which  remained  very  nearly  coustant  dur- 
ing the  ten  days,  we  find  for  d  very  accordant  values,  varying  only 
between  3.0  and  4.0,  The  latitude  is  40°  north,  since  the  parallel  of  40° 
cuts  the  coast  of  Fortngal  between  Lisbon  and  Oporto.  From  this  we 
coDclnde,  by  means  of  the  above  table,  that  the  force  of  the  wind  mast 
have  varied  between  13  and  17  meters  per  second,  and  that  its  mean 
valae  was  very  nearly  16  meters  per  second. 

Let  us  take  a  second,  more  complicated  example,  that  of  a  whirling 
movement  of  the  air.  The  aynoptlo  chart  of  the  14th  of  January,  1SG5, 
shows  that  on  this  day  a  storm  raged  upon  the  coasts  of  France  and 
England.  Let  us  seek  the  force  of  the  wind  which  blew  over  tlie  cen- 
ter of  France,  between  Paris  and  Bordeaux.  The  barometrio  pressure 
at  8  o'clock  in  the  morning  was  738.6  millimeters  at  Paris  and  753.6 
millimeters  at  Bordeaux  and  Tonlonse.  The  diS'erence,  1S.0  millimeters, 
corresponds  to  a  distance  which,  reduced  normally  to  the  direotioo  of 
the  atmospheric  current,  is  4^.5  of  the  meridian. 

We  have,  then,  to  take  from  the  table  that  v^ue  of  V  which  corre* 
sponds  to 

at  latitude  45°.  This  value  is  T  =  31.5.  Such  wonid  be  the  force  of  the 
wind  if  the  atmospheric  current  were  [linearl],  but  as  the  air  in  the  storm 
has  a  turning  movement,  we  cau  accept  this  figure  only  after  having 
applied  to  it  a  correction.  I  do  not  think  it  wonId  be  useful  to  enter  into 
the  details  of  the  calculation  of  this  correction.  It  is  made  by  applying 
the  formula  that  we  have  given  for  the  taming  movement,  and  the  valne 
of  the  correction  depeuds  essentially  on  the  ratio  of  the  curvature  of  the 
trajectory  [with  reference  to  the  distance  of  the  point  considered  as  the 
center  of  depression  about  which  the  wind  rotates]  and  the  velocity  of 
progression  of  the  center.  In  the  present  case,  the  value  of  the  correc- 
tion will  be  found  eqaal  to  5  or  6  meters,  and  we  are  led  to  adopt  the 
figure  26  meters  per  second  as  representing  the  average  force  at  the 
wind  that  prevailed  between  Paris  and  Bordeaux. 

The  synoptic  chart  gives,  indeed,  the  force  of  the  wind  at  every  poiot, 
bat  the  sign  [or  figure]  representing  tbis  force  corresponds  to  an  indefi- 
nite epithet  which  cannot  be  translated  into  precise  figures.  We  can, 
therefore,  not  verify  the  exactness  of  the  result  which  our  formula  gives 
for  the  force  of  the  wind  ;  we  can  only  state  whether  there  exists  a  gen- 
eral accordance  between  the  results  of  the  calculation  and  those  of  the 
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observation ;  and  it  is  easy  to  assure  ourselves  tbat  this  is,  itt  general^ 
very  satisfiictory. 

Bat  we  oDght  not  to  coaceal  tbe  fact  that  some  discordances  present 
themselves  when  we  enter  into  details ;  tbat  onr  theory  does  not  explain 
certain  observations  of  the  force  and  direction  of  the  wind  recorded 
in  the  atlas,  l^hese  exceptional  facts,  it  seemti  to  us,  ought  to  be  ex- 
plained either  by  locai  influences,  such  as  the  attraction  of  coasts,  of 
vaUeya,  of  mountains,  or  by  periodical  or  accidental  meteorological 
phenomena,  such  as  tbe  moruiug  bieezes,  gnsts  of  wind,  thauder-storms, 
&0.  The  proportion  of  discordances  to  the  accordances  is  too  small  to 
throw  any  doubt  upon  the  exactness  of  tbe  theory, 

(9)  AppKoation  of  the  game  Theory  to  Oeean  Currenta. 

I  will  terminate  this  memoir  by  an  application  which  does  not  directi/ 
refer  to  meteorological  phenomena,  but  which  has  a  certain  interest  in 
reference  to  the  general  physics  of  the  globe.  Let  ub  consider  a  grand 
ocean  current,  as  for  example,  tbe  G-ulf  Stream  along  the  coast  of  North 
America,  A  particle  of  the  surface  moving  with  the  velocity  V  is  sub- 
ject to  two  forces :  gravitation,  a  vertical  force  whose  intensity  is  m  g, 
and  the  composite  centrifugal  force,  a  horizontal  force  wbose  direction  is 
normaltothatoftbecurrent,  and  whose  intensity  ism  F=s  2  m  7  Q  sin^ 
la  order  that  the  particle  of  water  should  not  deviate,  but  continue  to 
progresa  in  the  same  direction  with  the  same  velocity  F,  it  is  necessary 
that  the  free  surface  of  the  sea  should  be,  at  this  place,  not  horizontal 
bat  normal  to  the  resultant  of  the  forces  m  g  and  m  Fi  that  is  to  say, 
tbat  in  a  section  taken  normal  to  the  direction  of  the  current  tbe  free 
surface  presents  an  inclination,  /,  to  the  horizontal  plane  whose  value 
satisfies  the  equation 

tangj=5i:=2-?.r,i„.. 

mg        9 

Thus,  in  the  same  way  tbat  tbe  trade-winds  and  the  anti-trades  ai» 
the  cause  of  tbe  increase  tn  tbe  barometric  pressure  toward  parallels  30O, 
in  precisely  tbe  same  way  tbe  Gulf  Stream,  which  reproduces  at  the  sur- 
face of  the  sea  the  circulation  of  the  general  currents  of  the  atmosphere, 
gives  rise  to  an  elevation  of  the  level  of  tbe  sea  at  tbe  center  of  the 
Atlantic,  or  to  an  accumulation  of  water  in  the  region  about  wbich  tbe 
current  circulates.  Let  as  calculate  the  inclination  J  and  the  difference 
of  level  to  wbich  this  inclination  gives  rise. 

If  in  the  formnla  which  gives  tang  I  are  substituted  the  values  of 


we  obtain 


g  =.  9"'.8088  and  of  fl  =  ^^^, 


t^'^g-'  =  .^on  V  nsn^A  ^^siu A  =  0.00001483  F sln X, 
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This  inolinatioD  I  ia  very  feeble,  but  as  tbe  breadth  L  of  tbe  current 
of  the  Gnlf  Stream  is  very  considerable,  the  difference  of  level  between 
the  two  borderg  of  the  current  i3  =L  tang  J  attains  a  considerable  value. 
Tboa,  let  os  take  as  the  base  of  our  calonlatioD  the  flgares  given  by 
Eamtz  in  bis  Meteorology,  or  those  pnbliabed  more  recently  by  A.  D. 
Bache,  Superintendent  of  the  United  States  Coast  Survey.  We  shall 
find- 
First.  At  the  latitude  of  260,  between  tbe  coasts  of  Florida  and  the 
Bahamas,  L  =  90  kilometers,  T  =  3  to  4  nantical  miles  per  bonr; 
whence  results  a  difference  of  level  of  from  l^.OO  to  l^-SO. 

Second.  At  the  latitude  of  33°,  between  Cape  Henlopen,  near  Charles- 
ton, and  the  Bermadaa,  L  =  230  kilometers,  F  =  2J  nantical  milea 
hourly ;  whence  results  8  difierence  of  level  of  2.40  meters. 

Third.  At  tbe  latitude  of  42°  south  of  the  Banks  of  Kewfoundlaod, 
near  tbe  point  where  the  current  turns  toward  the  east,  L  =  470  kilo- 
meters, V=  1.5  nautical  miles  hourly;  whence  we  calculate  tbe  differ- 
ence of  level  to  be  3.60  meters. 

These  figures  are  probably  a  little  too  large;  the  velocity  of  the  cur- 
rent grows  feebler  on  its  borders,  and  the  inclinatioD  of  the  surface  of 
tbe  sea  experiences  a  corresponding  redaction.  But  after  all  corrections, 
these  data  remain  important,  and  we  are  forced  to  admit  that  the 
sorface  of  tbe  sea,  even  in  an  ocean  as  open  as  tbe  Atlantic,  is  not 
rigorously  horizontal;  that  over  very  extended  regions  it  presents 
inclinations  that  can  amount  to  many  seconds,  and  a  level  differing 
from  the  mean  level  of  the  sea  by  several  meters. 

We  know  that  the  operations  recently  conducted  for  a  general  lerel- 
ing  of  France  have  indicated  differences  between  the  mean  levels  of  the 
sea  in  different  parts  of  the  Mediterranean  and  tbe  Atlantic.  It  is  pos- 
sible that  this  singular  result  onght  not  to  be  attributed  simply  to  the 
complexity  of  the  calculations  and  the  observations,  but  that  it  may  be 
the  expression  of  a  general  fact,  and  that  this  fact  is  explained  in  part 
by  tbe  general  oceanic  currents  which  prevail  around  the  coast. 

(10)  Supplementary  Note. 

My  memoir  was  addressed  to  tbe  Academy  of  Sciences  of  Paris  in 
the  latter  part  of  18C9.  Toward  the  end  of  tbe  following  year,  we 
received  a  copy  of  the  "Atlas  of  Storms  of  tbe  Norwegian  Meteorologi- 
cal Institute"  that  Mr.  Mohn,  director  of  this  institute,  has  done  ns  the 
honor  of  presenting  to  as,  and  where  wo  find  the  following  lines  on 
page  11 : 

"The  force  of  the  wind  depends  on  tbe  magnitude  of  tbe  variation  in 
the  pressure  of  the  air  experienced  irom  place  to  place  at  the  sorface  of 
the  earth,  or  on  the  magnitude  of  the  barometric  gradient.  The  greater 
tbe  variation  of  pressure  from  one  place  to  another,  the  smaller  is  tbe 
gradient  and  the  stronger  is  tbe  wind. 

"  This  will  be  seen  npon  any  one  of  tbe  charts  of  this  atlas.    The 
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more  tbe  isobars  are  crowded  together,  tbe  more  nameroDH  are  tbe 
piliDgs  of  the  wiDd-airows.  In  an  earlier  initial  memoir,  eutitled  'On 
the  ThuDder-Stoims  of  Norway  in  1808,'  I  bave  attempted  a  determina- 
tion of  tbe  nnmerical  relation  between  tbe  magnitude  of  the  gradieut 
and  the  force  of  tbe  wind,  with  tbe  following  results : 

"GrodleDt 20     30     40'  SO     60     70     80     90     100     kilometers. 

"Foreeofwind 4.9    3.9    3.1    2.3    1.8    2.0    1.5    1.8      1.1  on  ft  Boale  of  6, 

*'■  By  a  graphic  interpolation,  we  deduce  from  these  nombers  tbe  de- 
grees of  force  of  wind  on  tbe  scale  employed  and  the  corresponding 
barometric  gradients,  as  is  shown  in  tbe  following  table.  Tbe  approxi- 
mate velocity  of  the  wind,  expressed  in  kilometers,  per  honr,  which  cor- 
responds to  tbe  figures  of  the  scale  of  force,  are  also  added. 


Kmaofwind, 

^•"^IZT"' 

Barometrlo 
gradUnt. 

«.  Tl  lant 

One  100  kito- 
"to-'oo 

H-S3 

kltoDieteiB. 

"Tbe  force  of  tbe  wind  depends  so  strongly  upon  local  causes  that  a 
table  like  this  can  have  only  a  general  value.  We  can  deduce  an 
inverse  ratio  between  tbe  gradient  and  the  wind-velocity,  such  that 
their  product  is  equal  to  1460  (Barometric  gradieut  X  wind- velocity 
=  1460).  On  the  sea,  the  force  of  tbe  wind  will  be  for  tbe  same  baro- 
metric gradient  much  greater  thau  in  tbe  interior  country,  where  tbe 
wind  finds  far  more  impediments  to  its  movement  over  the  surface  of 
tbe  earth.'* 

Wo  see  that  Mohn,  in  a  work  independent  of  oars  and  probably  an- 
terior thereto,  has  recognized  the  law  of  inverse  ratio  between  tbe 
velocity  of  tbe  wind  and  the  distance  of  the  isobars. 

Let  us  compare  tbe  numbers  resulting  from  his  observations  with 
those  that  our  theoretical  formula  gives.  Mobn  measures  tbe  velocity 
of  tbe  wind  in  kilometers  per  hour ;  we  have  taken  for  the  unit  the  me- 
ter and  the  second.    In  order  to  pass  from  these  latter  nnits  to  tbe  first, 

60  V  60 
the  coefficient  ■  -    ^    =  3.60  is  to  be  used. 

Tbe  barometric  gradient  is  defined  by  Mohn,  page  W,  as  "  tbe  number 
of  kilometers  that  it  is  necessary  to  go  in  tbe  direction  of  the  gradieut 
in  order  that  the  pressure  of  the  air  may  diminish  by  one  millimeter." 
Our  units  for  «  are  a  degree  of  tbe  meridian,  or  111  kilometers,  and  a 
barometric  variation  equal  to  five  kilometers.    Consequently,  the  value 

of  tbe  barometric  gradieut  is  -=-  8,  and  its  product  by  tbe  velocity  of 

ttie  wind,  3.00  V,  in  our  system  of  units,  will  have  the  value 

iii^xs.eo  V=%(iVS. 
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Oar  taUe of  correspoadiDg  theoretical  valQBB of  Faod  «  gives  for  the 
latitude  <^  Christianja,  oc  6(K>  oorth,  the  constant  prodoct  yi  =  37^, 
whence  SOTdsSOOO.  Mr.  Hobn  gives  astberesnltof  observatlotia  cm 
the  force  of  the  wind  in  2f  orva;  the  mean  product  80  VS  =  1160;.  t^a-t 
ia  to  say,  very  nearly  one-half  of  oar  theoreUeal  reaalt.  It  ia  easy  to 
recogDize  the  reason  of  the  apparent  discordance  of  these  two  resiilts. 
Kohn,  in  the  passage  thfU;  we  have  cited,  says  that  "  upon  the  sea  the 
force  of  t^  wind  will  be,  for  the  same  gradient,  1^  greater  than  in  the 
interior  of  the  country."  ' 

It  is,  on  the, other  hand,  certain,  according  to  all  the  ohserrations 
made  both  on  mountains  and  in  balloons,  that  the  force  of  the  wind 
increases  considerably  as  we  ascend  in  the  atmoEipbeie.  And  these  facts 
relative  to  atmospheric  currents  conform  entirely  to  that  which  has  beea 
established  for  liqnid  currents :  the  velocity  at  the  base  or  near  the 
borders  is  notably  feebler  than  the  mean  velocity  of  the  current. 

There  is,  then,  no  reason  for  sarprise  that  the  velocities  observed  by 
Mobn  at  the  surface  of  the  cartb  are  feebler  than  the  velocities  deduced 
from  onr  theoretical  formula,  which  should  give  us  the  mean  velocities 
of  the  atmospheric  currents.  The  figures  that  he  cites  show  that,  in 
order  to  pass  from  the  latter  to  the  former  or  from  the  theoretical  to  the 
observed  velocities,  it  is  necessary  to  apply  a  coefBcient  of  redaction, 
which  is  0.10  for  the  smaller  velocities,,  and  which,  increasing  in  pro- 
portion as  the  velocity  Increases,  can  become  0,60  for  the  very  greatest 
■velocities.  .;•).. 
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